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PROCEEDINGS 


or 

THE ROYAL SOCIETY. 


Nuveniber 1*5, 1888. 

Professor G. G. STOKKS, D C.L., President, in the t'linn*. 

In pursuance of the Statutes, notice of the ensuing Anniversary 
Meeting was given from the Chair. 

Mr. John Ball, Sir James Cnoklo, Dr. Huggins, Dr. Rae, and 
Mr. Symons were by ballot elected Auditors of the Treasurer’s 
accounts on the part of the Society. 

Tho Presents received were laid on the table, and thanks ord'ud 
for them. 

Tho following Papei*s were read :— 

L “Combustion in dried Oxygen.” By If. Rrkukton Rakkii, 
M.A., Dulwioli College, lute Scholar of Bulliol (College, 
Oxford. Communicated by Professor II. B, DlXON, F.H.S. 
Received July 4, 1888. 

(Abstract) 

In 1884 some preliminary experiments, published in the 1 Journal 
of the Chemical Society,' convinced mo that moisture exerted an 
important influence on the combustion of carbon. Since that time 
experiments have been made, not only with that element but with 
several others, and the same influence seems to be exerted on the 
combustion of some, while no such influence could be detected in the 
case of other elements. It was discovered vpry early in the investiga¬ 
tion that hydrogen, both free and combined, aided the union of carbon 
with dried oxygen, and therefore for the now experiments on this and 
other elements, special attention was devoted to their purification 
from hydrogen. It was found that two of these elements, amorphous 
phosphorus and boron, had, like carbon, a very great power of occlud¬ 
ing hydrogen. To eliminate it some of the elements were heated in a 
current of pure chlorine, while others wero heated in scaled tubes 
with the chlorides of the elements, special precautions being tuken to 
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free the purified elements from all traces of the agents used in their 
purification* In this way the elements—-carbon, sulphur, boron, and 
phosphorus, the latter in both red and yellow modifications—were 
found to have their combustion influenced by the dryness of the 
oxygen. Some chemical union was fonnd to take place, the extent 
of which varied with the dryness of the snbstanoes. In no case, 
however, did it manifest itself by flame. Ordinary phosphoruB was 
obtained so pare as not to glow in the oxygen dried by phosphorus 
pentoxide, though the pressure was increased and diminished in every 
possible way. If water was added rapid combustion at once set in. 

The elements—selenium, tellurium, arsenic, and antimony—were 
purified with as much care as was expended on the elements men¬ 
tioned above. Their combustion was, however, not fonnd to be 
affected in any way by tho dryness of the gas. 

In the course of the investigation two facts were discovered about 
the combustion: (i) of amorphous phosphorus, and (ii) of charcoal 
m oxyeon. Amorphous phosphorus is generally regarded as being 
incapable of true combustion. It is asserted that before amorphous 
phosphorus can be heated to its kindling point, it changes into 
ordinary phosphorus, which then burns. This has been proved not 
to be the case. Amorphous phosphorus was heated in a current of 
nitrogen, free from traces of oxygen, to 260°, 278°, and 300®, in three 
experiments, without undergoing any change to the ordinary modifi¬ 
cation. If moist oxygen was substituted for the nitrogen combustion 
took place at 260°. It seems, therefore, probable that amorphous 
phosphorus undergoes a true combustion in oxygen without previous 
change to the ordinary modification. 

With regard to the combustion of carbon, it has always been a 
doubtful question which of the two oxides is first formed. Is carbon 
monoxide the first product, undergoing further oxidation to the 
dioxide, or is carbon dioxide the first and only substance formed ? 
The problem seems incapable of direct solution. It is, however, 
open to indirect attack. When carbon is heated in a current of 
oxygen dried for a short time by phosphorus pentoxide, a slow com¬ 
bustion goes on, and, though the oxygen is in excess, both oxides are 
producod. The apioqnt of monoxide, however, is twenty times the 
amount of the dioxide. Experiments also show that this ooours at 
temperatures at which dry carbon dioxide is not reduced by carbon. 
The carbon monoxide must, therefore, be produced by the direct 
union of its elements, its further oxidation being prevented by the 
dryness of the gases. Confirmatory experiments were performed in 
which carbon monoxide was found to be produoed by the slow ootn- 
bustion of carbon in air at 440 s , a temperature too low for the reduc¬ 
tion of the dioxide by carbon. It is probable that the ordinary 
combustion of carbou goes on in two stages, that carbon monoxide is 
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first produced, and, if ciroumstanoes are favourable, this is further 
oxidised to carbon dioxide. 


II. **Ou the Mechanical Conditions of a Swarm of Meteorites, 
and on Theories of Cosmogony.” By G. H. Darwin, LL.1X, 
F.R.S., Fellow of Trinity College and Phimian Professor in 
the University of Cambridge. Received July 12,1888. 

(Abstract.) 


Mr. Lookyer writes in bis interesting paper on Meteorites* as 
follows:— 

“The brighter lines in spiral nebula?, and in those in which a 
rotation has been set up, are in all probability due to streams of 
meteorites with irregular motions oat of the main streams, in which 
the collisions would be almost nil. It has already been suggested by 
Professor Gk Darwin ( 4 Nature,* vol. 81, p. 25)—using the gaseous 
hypothesis—that in such nebula? * the great mass of tho gas is non- 
luruinous, the luminosity being an evidence of condensation along 
lines of low velocity according to a well-known hydro dynamical law. 
From this point of view the visible nebula may be regarded as a 
luminous diagram of its own stream-lines.*’* 

The whole of Mr. Lookyer’s paper, and especially this passage in 
it, leads me to make a suggestion for the reconciliation of two 
apparently divergent theories of the origin of planetary systems. 

The nebnlar hypothesis depends essentially on the idea that the 
primitive nebula is a rotating mass of fluid, which at successive 
epochs becomes unstable from excess of rotation, and sheds a ring 
from the equatorial region. 

The researches of Rochef (apparently but little known in this 
country) have imparted to this theory a precision which was wanting 
in Laplace's original exposition, and have rendered the explanation of 
the origin of the planets more perfect. 

Bat notwithstanding the high probability that some theory of the 
kind is true, the acceptance of the nebular hypothesis presents great 
difficulties. 

Sir William Thomson long ago expressed to me his opinion that 
the most probable origin of the planets was through a gradual 
aocretion of meteoric matter, and the researches of Mr. Lockyev 
afford actual evidence in favour of the abundancy of meteorites in 


space. 

• ‘Naftuf*/ Her. 17, 1887. The paper feel* is la * Boy. Soe. Proo./ No* 16, 
1187 (No. 869, p. 117). 
f 4 Montpellier, Asad. SoL Him 4 
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Hut Ifee very essence of the nebnta* hypothesis is the conception 
of fluid pressure, since without it the idea of a figure of equilibrium 
becomes inapplicable. Now, at first sight, the meteoric condition of 
matter seems absolutely inconsistent with a fluid pressure exercised 
by one parrt ef the system on another. Wo thus seem driven either 
to the-absolute rejection of the nebular hypothesis, or to deny that 
the meteoric condition was the immediate antecedent of the sun and 
planets. M. Faye has taken the former coarse, and accepts as a 
necessary consequence the formulation of a succession of events quite 
different from that of the nebular hypothesis.* I cannot myself find 
that his theory is an improvement on that of Laplace, except in regard 
to the adoption of meteorites, for he has lost the conception of the 
figure of equilibrium of a rotating mass of fluid. 

The object of this paper is to point out that by a certain interpre¬ 
tation of the meteoric theory we may obtain a reconciliation of these 
two orders of ideas and may hold that the origin of stellar and 
planetary systems is meteoric, whilst retaining the conception of fluid 
pressure. 

According to the kinelio theory of gases fluid pressure is the 
average result of tlie impacts of molecules. If we imagine the mole¬ 
cules magnified until of the size of meteorites, their impacts will still, 
on a coarser scale, give a quasi-fluid pressure. 1 suggest then that 
the fluid pressure essential to the nebular hypothesis is in fact the 
resultant of countless impacts of meteorites. 

The problems of hydrodynamics could hardly be attacked with 
success, if we were forced to start from the beginning and to consider 
the cannonade of molecules. But when once satisfied that the kinetic 
theory will give us a gas, which, in a space containing some millions 
of molecules, obeys all the laws of an ideal non-molecnlsr gas filling 
all space, we may pat the molecules out of sight and treat the gas 
as a plenum. 

In the same a ay the difficulty of tracing the impacts of meteorites 
in detail is insuperable, but if we can find that such impacts give rise 
to a quasi-fluid pressure on a large scale, we may be able to trace out 
many results by treating an ideal plenum. Laplace’s hypothesis 
implies such a plenum, and it is here maintained that this plenum is 
merely the idealisation of the impaots of meteorites. 

As a bare suggestion this view is worth but little, for its acceptance 
or rejection must turn entirely on numerical values, which can only 
be obtained by the consideration of some actual system. It is obviont 
that the solar Bystem is the only one about which we Jpave sufficient 
knowledge to afford a basis for discussion. The paper, of which this 
is an abstract, is accordingly devoted to a consideration of the 

• ‘Sur VOrigine du Monde,* Peris, GauthUr-ViUsrs, 188i. < Annushe pour Pan 
1636. Bureau doe Longitudes,' p. 767. 
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mechanic* of ft swarm of meteorite*, with special numerical applica¬ 
tion to the solar system. 

When two meteoric stone* meet with planetary velooity, the stress 
between them daring impact must generally be such that the limits 
of trae elasticity are exceeded, and it may be urged that a kinetic 
theory i* inapplicable unless the colliding particles are highly elastic. 
It may, however, 1 think, be shown that the very greatness of the 
velocities will impart what virtually amounts to an elasticity of a high 
order of perfection. 

It appears, d priori , probable that when two meteorites clash, a 
portion of the solid matter of each is volatilised, and Mr. Lockycr 
considers the spectroscopic evidence conclusive that it is so. There 
is no doubt enongh energy liberated on impact to volatilise the whole 
of both bodies, but only a small portion of each stone will undergo 
this change. A numerical example is given in the paper to show the 
enormoas amount of energy with which wo are dealing. It must 
necessarily be obscure as to how a small mass of solid matter can take 
up a very large amount of energy in a small fraction of a second, but 
spectroscopic evidence seems to show that it does so; and if no, we 
have what is virtually a violent explosive introduced between the two 
stones. 

In a direct collision each stone is probably shattered into frag¬ 
ments, like the splashes of lead when a ballet hits an iron target. 
But direct collision must be a comparatively rare event. In glancing 
collisions the velooity of neither body is wholly arrested, the con¬ 
centration of energy is not so enormous (although probably still 
sufficient to effect volatilisation), and since the stones rub past one 
another, more time is allowed for the matter ronnd the |H>int of 
contact to take up the energy; thus the whole process of collision is 
much more intelligible. The nearest terrestrial analogy is when a 
cannon-ball reboands from the sea. In glancing collisions fracture 
will probably not be very frequent. 

From these arguments it is probable that, when two meteorites 
meet, they attain an effective elasticity of a high order of perfeotioil; 
bat there is of course some lodb of energy at each collision. 

[It mast, however, be admitted that on collision the deflection of 
path is rarely a very large angle; but a succession of glancing colli¬ 
sions would be capable of reversing the path, and thus the kinetic 
theory of meteorite* may be taken a* not differing materially from 
that of gases.*] 

Perhaps thp most serious difficulty in the whole theory arise* from 
the fracture* which must often occur, If they happen with great 
frequency, it would seem as if the whole swarm of meteorites won Id 
degrade into dust. We know, however, that meteorites of consider* 
* Added on November 18,1888. 
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able sise fall upon the eArth, and, unless Mr. Loolcyer baa mis* 
interpreted the spectroscopic evidence, the nebul© do now consist of 
meteorites. Hence it would seem as if fracture was not of very 
frequent occurrence. It is easy to see that if two bodies meet with a 
given velocity the chance of fracture is much greater if they are Urge, 
and it is possible that the process of breaking up will go on only until 
a certain sice, dependent on the velocity of agitation, is reached, and 
will then become comparatively unimportant. 

When the volatilised gases cool they will condense into a metallic 
rain, and this may fuse with old meteorites whose surfaces are molten. 
A meteorite in that condition will certainly also pick up dust. Thus 
there are processes In action tending to counteract subdivision by 
fracture and volatilisation. The mean size of meteorites probably 
depends on the balance between these opposite tendencies. If this is 
so, there will be some fractures, and some fusions, but the mean mass 
will change very slowly with the moan kinetic energy of agitation. 
This view is at any rate adopted in the paper as a working hypothesis. 
It was not, however, possible to take account of fracture and fusion in 
the mathematical investigation, but tho meteorites are treated as 
being of invariable mass. 

The velocity with which tho meteorites move is derived from their 
fall from a groat distance towards a centre of aggregation. • In other 
words, the potential energy of their mutual attraction when widely 
dispersed beoomes converted, at least partially, into kinetic energy. 
When the condensation of a swarm is just beginning, the mass of the 
aggregation towards whioh the metoorites fall is small, and thus the 
new bodies arrive at the aggrogation with small velocity. Hence 
initially the kinetio energy is small, and the volume of the sphere 
within whioh hydrostatic ideas are (if anywhere) applicable is also 
small. As more and more meteorites fall in, that volume is enlarged, 
and the velocity with which they reach the aggregation is increased. 
Finally the supply of meteorites in that part of space begins to fail, 
and the imperfect elasticity of the colliding bodies brings about a 
gradual contraction of the swarm. I do not now attempt to trace the 
whole history of a swarm, but the object of the paper is to examine 
its mechanical condition at an epoch when the supply of meteorites 
from outside has ceased, and when the velocities of agitation and dis~ 
trihution of meteorites in space have arranged themselves into a 
sub-permanent condition, only affected by secular changes. This 
examination will enable us to understand, at least roughly, the secular 
change as the swarm contracts, and will throw light an other 
questions. 

The foundation for the mathematical investigation in the paper is 
the hypothesis that a number of meteorites whioh were ultimately to 
coalesoe, so as to form thesun and planets, have falleu together from 
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a condition of wide dispersion, and form a swarm in which collisions 
are frequent. 

For the sake of simplicity, the bodies are treated as spherical, afad 
in the first instance as being of uniform siso. 

It is assnmed provisionally that the kinetio theory of gases may be 
applied for the determination of the distribution of the meteorites in 
space. No acoonnt being taken of the rotation of the system, the 
meteorites will be arranged in concentric spherical layers of equal 
density of distribution, and the quasi-gas, whose molecules are 
meteorites, being compressible, the density will be greater towards 
the centre of the swarm. The elasticity of a gas depends on the 
kinetio energy of agitation of its molecules, and therefore in order to 
determine the law of density in the swarm we must know the dis¬ 
tribution of kinetic energy of agitation. 

It is assnmed that when the system comes under oar notice, 
uniformity of distribution of energy has been attained throughout 
a central sphere, which is surrounded by a layer of meteorites with 
that distribution of kinetic energy which, in a gas, corresponds to 
convective equilibrium, and with continuity of density aud velocity of 
agitation at the sphere of separation. Since in a gas in convective 
equilibrium the law connecting pressure and density is that which 
holds whan the gas is contained in a vessel impermeable to heat, such 
au arrangement of gas has been called by M. Ritter* an isothermal- 
adiabatic sphere, and the same term is adopted here as applicable tv a 
swarm of meteorites. The justifiability of these assumptions will be 
considered later. 

The first problem which presents itself then is the equilibrium of 
an isothermal sphere of gas under its own gravitation. The law of 
density is determined in the paper, but it will here suffice to remark 
that, if a given mass be enclosed in an envelope of given radius, there 
is a minimum temperature (or energy of agitation) at which iso¬ 
thermal equilibrium is possible. The minimum energy of agitation 
is found to bo such that the mean square of velocity of the meteorites 
is almost exactly f of the square of the velocity of a satellite grazing 
the surface of the sphere in a circular orbit. 

As indicated above, it is supposed that in the meteor-swarm the rigid 
envelope, bounding the isothermal sphere, is replaced by a layer or 
atmosphere in oonveciive equilibrium. The law of density in the 
adiabatic layer is determined in the paper, and it appears that when 
the isothermal sphere has minimum temperature, the mass of the 
adiabatic atmosphere is a minimum relatively to that of the isothermal 
sphere. Numerical calculation shows, in fact, that the isothermal 
sphere cannot amount in mass to more than 46 per cent, of the mass 
of the whole isothermal-adiabatic sphere, and"'that the limit of the 
* * Annslen der Fhyrik uud Chemie,' voL 10 (1888a P-186. 
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adiabatic atmosphere is at a distance equal to 2786 times the radius 
of the isothermal sphere.* 

'It is also proved that the total energy, existing in the form of 
energy of agitation, is exactly one-half of the potential energy lost in 
the concentration of the matter from a condition of infinite dispersion* 
This result is brought about by a continual transfer of energy from a 
molar to a molecular form, for a portion of the kinetic energy of a 
meteorite is constantly being transferred into the form of thermal 
energy in the volatilised gases generated on collision. The thermal 
eneigy is then lost by radiation. 

It is impossible as yet to sum up all the considerations which go to 
justify the assumption of the isothermal-adiabatic arrangement, but it 
is clear that uniformity of kinetio energy must be principally brought 
about by a process of diffusion. It is therefore interesting to consider 
what amount, ot inequality in the kinetic energy would have to be 
smoothed away. 

The arrangement of density in the isothermal-adiabatic sphere 
being given, it is easy to compute what the kinetio energy would be 
at any part of the swarm, if each meteorite fell from infinity to the 
neighbourhood where we find it, and there retained all the velocity 
due to such fall. The variation of the square of this velocity gives 
an indication of the amount of kinetic energy which has to be 
degraded by conversion into heat and distributed by diffusion, in the 
attainment of uniformity. This may be called “ the theoretical value 
of the kinetio energy." It appears that in the swarm, this square of 
velocity rises from zero at the centre of the swarm to a maximum, 
which is attained nearly half-way through the adiabatic layer, and 
then diminishes. It is found that the variations of this theoretical 
value are inconsiderable throughout the greater part of the range. 
♦Since this “ theoretical value of the kinetio energy " is zero at the 
centre, there must be diffusion of kinetio energy from without 
inwards, and considerations of the same kind show that when a 
planet consolidates there must be a cooling of the middle strata both 
outwards and inwards. 

We must now consider the nature of the criterion which determines 
whether the hydrostatic treatment of a meteor-swarm is permissible. 

The hydrodyn&mical treatment of an ideal plenum of gas leads to 
the same result as the kinetio theory with regard to any phenomenon 
involving purely a mass, when that mass is a large multiple of the 
mass of a molecule; to any phenomenon involving purely a length, 
when the cube of that length contains a large number of molecules; 
and to any phenomenon involving purely a time, when that time is a 
large multiple of the mean interval between collisions. Again, any 

* This is one of the remits established by M. Ritter in a serin of papers in the 
* Annulets der Fhystk and Gitemie * from 187b onward-. 
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velocity to be jiuitly deduced from hydrodynamical principles must be 
expressible as the edge of a cube containing many molecules passed 
over in a time containing many collisions of a single molecule; aud 
a similar statement must hold of any other function of mass, length, 
and time. 

Beyond these limits we must go baok to the kinetio theory itself, 
and in using it care must be taken that enough molecules are con¬ 
sidered at once to impart statistical constancy to their properties. 

There ore limits then to the hydrodynamical treatment of gases, 
and the like mast hold of the parallel treatment of meteorites. 

The principal question involved in the nobular hypothesis seems to 
be the stability of a rotating mass of gas; bat unfortunately this has 
remained up to now an untouched field of mathematical research. 
We can only judge of probable results from the investigations 
which have been mode concerning the stability of a rotating mass 
of liquid. Now it appears that the instability of a rotating mass 
of liquid first enters through the graver modes of gravitational 
oscillation. In the case of a rotating spheroid of revolution the gravest 
mode of oscillation is an elliptic deformation, and its period does not 
differ much from that of a satellite which revolves round the spheroid 
so aa to graze its surface. Hence, assuming for the moment that a 
kinetio theory of liquids had been formulated, we should not he 
justified in applying the hydrodynamical method to this discussion of 
stability, unless the periodic time of such a satellite were a large 
multiple of the analogue of the mean free time of a molecule of 
liquid. 

Carrying then this conolnsion on to the kinetio theory of meteorites, 
it seems probable that hydrodynamical treatment must be inapplicable 
for the discussion of such a theory as the meteoric-nebular hypo¬ 
thesis, unless a similar relation holds good. 

These considerations, although of a vague character, will afford a 
criterion of the applicability of hydrodynamics to the kind of pro¬ 
blem suggested by the nebular hypothesis. And certain criteria 
suggested by this line of thought are found in the paper; they give a 
measure of the degree of ourvature of the average path pursued by a 
meteorite between two collisions. 

After these preliminary investigations, we have to consider what 
kind of meeting of two meteorites will amount to an u encounter " 
within the meaning of the kinetic theory. 

Ia it possible, in fact, that two meteorites can considerably bend 
their paths under the influence of gravitation, when they pass near 
one another P This question is considered in the^aper, and it is shown 
that unless the bodies have the dimensions of small planets, the 
mutual gravitational influence is insensible* Hence, nothing short of 
absolute impact is to be considered an enoountef in the kinetic theory. 
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and what is called the radios of 11 the sphere of action n is simply the 
distance between the centres of a pair when they graze, and is there¬ 
fore the snm of the radii of a pair, or, if of uniform size, the diameter 
of one of them. 

The next point to consider is the mass and size which muBt be 
attributed to the meteorites. 

The few samples which have been found on the earth prove that no 
great error can be committed if the average density of a meteorite be 
taken as a little less than that of iron, and I accordingly suppose their 
density to be six times that of water. 

Undoubtedly in a meteor-swarm all sizes co-exist (a supposition 
considered hereafter); for even if originally of uniform size they 
would, by subsequent fracture, bo rendered diverse. But in the first 
consideration of the problem they have been treated as of uniform 
size, and as actual sizes are nearly unknown, results are given for 
meteorites weighing 3} grams. From these, the values for other 
masses are easily derivable. 

It is known that meteorites are aotnally of irregular and angular 
shapes, but certainly no material error can be incurred when we treat 
them as being spheres. 

The object of all these investigations is to apply the formnlee to a 
concrete example. The mass of the system is therefore taken as 
equal to that of the sun, and the limit of the swarm at any arbitrary, 
distance from the present sun’s centre. The theory is of course more 
severely tested the wider the dispersion of the swarm, and accordingly 
in a numerical example the outside limit of the solar swarm is taken 
at 44} times the earth’s distance from the sun, or further beyond the 
planet Neptune than Saturn is from the sun. This assumption 
makes the limit of the isothermal sphere at a distance 16, about half¬ 
way between Saturn and Uranus. 

In this case the mean velocity of the meteorites in the isothermal 
sphere is 8} kilometers per second, being */£ of the linear velocity of 
a planet revolving about a central body with a mass equal to 46 per 
cent, of that of the sun, at distance 16. In the adiabatic layer it 
diminishes to zero at diztanoe 44}. This velocity is independent of 
the size of the meteorites. The mean free path between collisions 
Tanges from 42,000 kilometers at the centre, to 1,300,000 kilometers 
at radius 16, and to infinity at Tadins 44}. The mean interval 
between collisions ranges from a tenth of a day at the centre, to three 
days at radius 16, and to infinity at radius 44}, The criterion of appli¬ 
cability of hydrodynamics ranges from rehtn a * the distance of the 
aateiiods to radius 16, and to infinity at radius 44}* 

All these quantities are ten times as great for meteorites of 
3} kilos., and a hundred times as great for meteorites of 3} tonnes. 

From a consideration of the tables in the paper it appears that, 



li 


1888.] Condition* of- a Swarm of Meteorites, 

with meteorites of 8£ kilos., the collisions are sufficiently frequent 
even beyond the orbit o! Neptune to allow the kinetio theory to be 
applicable in the sense explained. But if the meteorites weigh 
tonnes, the criterion ceases to be very small at about distance 24, 
and if they weigh 3125 tonnes they cease to be very small at about 
the orbit of Jupiter. It may be concluded then that, as far as 
frequency of collision is concerned, the hydrodynamical treatment of 
a swarm of meteorites is justifiable. 

Although the numerical results are necessarily affected by the con* 
jectural values of the mass and density of the meteorites, yet it was 
impossible to arrive at any conclusion whatever as to the validity of 
the theory without numerical values, and such a discussion as the 
above was therefore necessary. 

I now pass on to consider some results of this view of a swarm 
of meteorites, and to consider the justifiability of the assumption of 
an isothermal-adiabatic arrangement of density. 

With regard to the uniformity of distribution of kinetic energy in 
the isothermal sphere, it is important to ask whether or not sufficient 
time can have elapsed in the history of the system to allow of the 
equalisation by diffusion. 

It is shown therefore in the paper that in the case of the numerical 
example primitive inequalities of kinetio energy would, in a few 
thousand years, be sensibly equalised over a distance some ten times 
as groat as oar distance from the sun. This result then goes to show 
that we are justified in assuming an isothermal sphere as the centre 
of the swarm. As, however, the swarm contracts the rate of diffusion 
diminishes as the inverse } power of its linear dimensions, whilst the 
rate of generation of inequalities of distribution of kinetic energy, 
through the imperfect elasticity of the meteorites, increases. Hence, 
in a late stage of the swarm*, inequalities of kinetic energy would be 
Bet up, there would be a tendency to the production of convective 
currents, and thus the whole swarm would probably settle down to 
the condition of convective equilibrium throughout. 

It may be conjectured then that the best hypothesis in the early stages 
of the swarm is the isothermal-adiabatio arrangement, and later an 
adiabatic sphere. It has not seemed worth while to discuss this latter 
hypothesis in detail at present. 

The same investigation also gives the coefficient of viscosity of the 
quasi-gas, and shows that it is so great that the meteor-swum 
must, if rotating, revolve nearly without relative motion of its parts, 
other than the motion of agitation. But as the viscosity diminishes 
when the swarm contracts, this would probat8y not be true in tbe 
later stages of its history, and the central portion would probably 
rotate more rapidly than the outside. It forms, however, no part of 
the scope of this paper to consider the rotation of the system. 
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The rate of loan of kinetic energy through imperfect elasticity is 
next considered, and it appears that the rate, estimated per unit time 
and volume, must vary directly as the square of the quasi-pressuie, 
and inversely as the mean velocity of agitation. Since the kinetic 
energy lost is taken up in volatilising solid matter, it follows that tl»e 
heat generated must follow the same law. The mean temperature of 
the gases generated in any part of the swarm depends on a great 
variety of circumstances, but it seems probable that its variation 
would be according to some law of the same kind. Thus, if the speo- 
trosoope enables us to form an idea of the temperature iu various parts 
of a nebula, we shall at the same time obtain some idea of the distri¬ 
bution of density. 

It has boon assumed that the outer portion of the swarm is in con¬ 
vective equilibrium, and therefore there is a definite limit beyond 
which it cannot extend. Now a medium can only be said to be in 
convective equilibrium when it obeys the laws of gases, and the 
applicability of those laws depends on the frequency of collisions. 
But at the boundary of the adiabatic layer the velocity of agitation 
vanishes, and collisions become infinitely rare. These two proposi¬ 
tions are mutually destructive of one another, and it is impossible to 
push the conception of convective equilibrium to its logical conclusion. 
There must, in fact, be some degree of rarity of density and of 
collisions at which the statistical treatment of the medium breads 
down. 

I have sought to obtain some representation of the state of things 
by supposing that collisions never ocour beyond a certain distance from 
the centre of the swarm. 

Then from every point of the surfaoo of the sphere, which limits 
the region of collisions, a fountain of meteorites is shot out, in all 
asimoths and at all inclinations to the vertical, and witl* velocities 
grouped about a mean according to the lnw of error. These 
meteorites asoend to various heights, without collision, and, in falling 
back on to the limiting sphere, cannonade its surface, so os to counter¬ 
balance the hydrostatic pressure at the limiting sphere. 

The distribution in space of Abe meteorites thus shot out is investi¬ 
gated in the paper, and it is found that near the limiting sphere the 
decrease in denitty is somewhat more rapid than the decrease corre¬ 
sponding to oonveotive equilibrium. 

But at more remote distances the decrease is less rapid, and the 
density ultimately tends to vary inversely as the square of the dis¬ 
tance from the centre. 

It is dear that according to this hypothesis the mass of the system 
is infinite in a mathematical sense; for the existence of meteorites 
with nearly parabolic and hyperbolic orbits necessitates an infinite 
nuniher, if the loss of the system shall be made good by the supply. 
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But if we consider the subject from a physioal point of view, this 
conclusion appears unobjectionable. 4 The ejection of moleonles with 
exceptionally high velocities from the surface of a liquid is called 
evaporation, and the absorption of others is called condensation. The 
general history of a swarm, as sketched at the beginning, may then be 
put in different words, for we may say that at first a swarm gains by 
condensation, that condensation and evaporation balance, and finally 
that evaporation gains the day. 

If the hypothesis of convective equilibrium be pushed to its logical 
conclusion, we reach a definite limit to the swarm, whereas if collisions 
be entirely annulled the density goes on decreasing inversely as the 
square of the distance. The truth must clearly lie between these two 
hypotheses. It is thus certain that even the small amount of evapora¬ 
tion, shown by the formula derived from the hypothesis of no colli¬ 
sion, must be in excess of the truth; and it may be that there are 
enough waifs and strays in space ejected from other systems to make 
good loss. Whether or not the compensation is perfect, a swarm of 
meteorites would pursue its evolution without being sensibly affected 
by a slow evaporation. 

Up to this point the meteorites have been considered as of uniform 
size, but it will be well to examine the more truthful hypothesis that 
they are of all sizes, grouped about a mean according to a law of 

It appears, from the investigation in the paper, that the larger 
stones move slower, the smaller ones faster, and the law is that the 
mean kinetic energy is the same for all sizes. It is proved that the 
mean path between collisions is shorter in the proportion of 7 to 11, 
and the mean frequency of collision greater in the proportion of 4 to 3, 
than if the meteorites were of uniform mass equal to the mean. Henoe 
the numeral results found for meteorites of uniform size are applic¬ 
able to non-uniform meteorites of a mean mass about a quarter greater 
than the uniform mass; for example, the results for uniform meteo¬ 
rites of 3£ tonnes apply to non-uniform ones of mean mass a little 
over 4 tonnes. 

The means here spoken of refer to all sizes grouped together, but 
there is a separate mean free path and mean freqnenoy appropriate to 
eaoh size. These are investigated in the paper, and their values 
illustrated in a figure. It appears that collisions become infinitely 
frequent for the infinitely small ones, because of their infinite velocity, 
and again infinitely frequent for the infinitely large ones, because of 
their infinite size. There is a minimum frequency of collision for a 

4 [It must be borne in mind that the very high velooitie* which occur occasionally 
la a medium with perfectly elastic molecules, must happen with great rarity amongst 
meteorite*. An impact of such violence that it ought to generate a hyperbolic Veto- 
ffity bifi probably merely cause torture.—Added November 28,198&] 
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certain rite, a little 1cm in radius than the mean radius, and consider¬ 
ably less bn mass than the mean mass. 

For infinitely small meteorites the mean free path reaches a finite 
limit, equal to about four times the grand mean free path; and for 
infinitely large ones, the mean free path becomes infinitely short. It 
must be borne in mind that there are infinitely few of the infinitely 
large and infinitely small meteorites. Variety of size does not then, 
so far, materially affect the results. 

Bat a difference arises when wo come to consider the different parts 
of the swarm. The larger meteorites, moving with smaller velocities, 
form a quasi-gas of less elasticity than do the smaller ones. Hence 
the larger meteorites are more condensed towards the centre than are 
the smaller ones, or the large ones have a tendency to fall down, 
whilst the small ones have a tendency to rise. Accordingly, the 
various kinds are to some extent sorted according to size. 

An investigation is made in the paper of the mean mass of meteo¬ 
rites at various distances from the centre, both inside and outside of 
the isothermal sphere, and a figure illustrates the law of diminution 
of mean mass. 

It is also clear that the loss of the system through evaporation must 
fall more heavily on the small meteorites than on the large ones. 

After the foregoing summary, it* will be well to briefly recapitulate the 
principal physical conclusions which seem to be legitimately deducible 
from the whole investigation; in this recapitulation qualifications 
must necessarily be omitted or stated With great brevity. 

When two meteorites are in collision, they are virtually highly 
elastic, although ordinary elasticity must be nearly inoperative. 

A swarm of meteorites is analogous with a gas, and the laws 
governing gases may be applied to the discussion of its mechanical 
properties. This iq true of the swarm, from whioh the sun was 
formed, when it extended beyond the orbit of the planet Neptune. 

When the swarm was very widely dispersed the arrangement of 
density and of velocity of agitation of the meteorites was that of an 
isothermal-adiabatic sphere. Later in its history, when the swarm 
had contracted, it was probably throughout in convective equilibrium. 

The actual mean velocity of the meteorites is determinable in a 
swarm of given mass, when expanded to a given extent. 

The total energy of agitation in an isothermal-adiabatic sphere is 
half the potential energy lost in the concentration from a condition of 
infinite dispersion. 

The half of the potential energy lost, which does not reappear as 
kinetic energy of agitation, is expended in volatilising solid matter, 
and heating the gases produced * on the impact of meteorites. The 
heat eo generated is gradually lost by radiation. 

The amount of heat generated per unit time and volume varies as 
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th 0 square of the quasi-hydrostatio pressure, and inversely as the mean 
velocity of agitation. The temperature of the gases volatilised pro¬ 
bably varies by Borne law of the same nature. 

The path of a meteorite" is approximately straight, except when 
abruptly deflected by a collision with another. This ceases to be truo 
at tho outskirts of the swarm, where the collisions have become rare. 
The meteorites here describe orbits under gravity which are approxi¬ 
mately elliptic, parabolic, and hyperbolic. 

In this fringe to the swarm the distribution of density ceases to ho 
that of a gas under gravity; and as we reoede from the centre the 
density at first decreases more rapidly, and afterwards less rapidly 
than if the medium were a gas. 

Throughout all the stages of its history there is a sort of evapora¬ 
tion by which the swarm very slowly loses in mass, but this loss is 
more or less counterbalanced by condensation. In the early stages 
the gain by condensation outbalances the loss by evaporation, they 
then equilibrate, and Anally the evaporation may be greater than 
condensation. 

Throughout the swarm the meteorites are to some extent sorted 
according to size; as we recede from the centre the number of small 
ones preponderates more and more, and thus the mean mass con¬ 
tinually diminishes with increasing distanoe. The loss by evaporation 
falls principally on the small meteorites. 

A meteor swarm is subject to gaseous viscosity, which is greater 
the more widely diffused is the swarm. In consequence of this a 
widely extended swarm, if in rotation, will revolve like a rigid body 
without relative motion (other than agitation) of its parts. 

Ijater in the history the viscosity will probably not suffice to secure 
uniformity of rotation, and the central portion will revolve more 
rapidly than the outside. 

[The kinetic theory of meteorites may bo held to present a fair 
approximation to the truth in the earlier stages of the evolution of the 
system. But later the majority of the meteors must have been 
absorbed by the central sun and its attendant planets, and amongst 
the meteors which remain free the relative motion of agitation mutt 
have been largely diminished. These free meteorites—the dust and 
refuse of the system—probably move in clouds, but with so Ijttle 
remaining motion of agitation that (except perhaps near the peri- 
Julian of very eccentric orbits) it wonld scarcely be permissible to 
treat the cloud as in any respect possessing the mechanical properties 
of a gas.]* 

The value of this whole investigation will appeal very different to 
different minds. To some it will stand condemned as altogether too 
speculative, others may think that it is bettefc 4 to risk error in the 
a Added November 28,1888. 
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ohanoe of winning truth. To mo at least it Appears that the line of 
thought flows in a true ohaxmel, that it may help to give a meaning 
to the observations of the spectroscopiat, and that many interesting 
problems, here barely alluded to, may perhaps be solved with sufficient 
completeness to throw light on the evolution of nebulo and planetary 
systems. 


III. “On the Secretion of Saliva, chiefly on the Secretion of 
Salts in it.” By J. N. Langley, M.A., F.R.S., Fellow of 
Trinity College, and H. M, Fletcher, B.A., Trinity College, 
Cambridge. Received August 17, 1888. 

(Abstract.) 

Heidonhain has shown that when saliva is obtained by stimulating 
the chorda tympani, the percentage of salts in the saliva depends upon 
the rate ot secretion, so that the fnster the secretion the higher the 
percentage of salts is up to a limit of about 0*6 per cent. Werfcher has 
come to the same conclusion, but finds that the percentage of salts 
may be as much as O'77. Both in Heidenhain’s and in Werther’s ex¬ 
periments there are many exceptions to this rule, attributed by them 
to variations in the rate of secretion of saliva during the time of 
collecting any one sample. 

We have repeated, with some modifications, the experiments of 
Heidenhain, paying especial attention to the rate of secretion of saliva, 
and find in 10 out of 11 cases, that his law of an increase in the per¬ 
centage of salts with an increase in the rate of secretion holds. 
The single exception may be due to a modification of the blood-flow 
through the gland during the time of collecting the saliva. The 
slowly secreted saliva contains a low percentage of salts, whether it is 
produced by a weak nerve stimulus, or by a very strong nerve 
stimulus which lowers the irritability of the nerve-fibres. 

We do not find any rate of secretion, beyond which an increase in 
rate fails to increase the percentage of salts in the saliva. The incre¬ 
ment in the percentage of salts decreases, however, with each equal 
successive increment in the rate of secretion. 

As a rule in saliva obtained by injecting pilocarpin, the percentage 
of salts follows Heidenhain's law; we take the exceptions to be due to 
the notion of pilocarpin upon the circulation, the blood-flow through 
the gland being less than normally accompanies the degree of stimula¬ 
tion of the gland oells. 

The percentage of salts in saliva obtained day stimulating the sym¬ 
pathetic is higher than corresponds to its rate of secretion, the saliva 
obtained by stimulating the oborda bring taken as a basis of com¬ 
parison ; this sympathetic saliva may be secreted at yfoth of the rale 
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of ohordi saltra, and yet contain vfery nearly as high a percentage of 

ealte. 

Dyspnea# decreases the rate of secretion of saliva with a given 
stimulus, and if not too prolonged, increases the percentage of salts t 
and tends to increase the percentage of organic substance in the saliva. 
This holds whether the saliva be obtained by stimulating the chorda 
tympani, or by injecting pilooarpin. Dyspnoea has, for a short time, 
an after-action, tending also to increase the percentage of salts, and 
possibly that of organio substance. 

Clamping the carotid during secretion has the same general effect 
as dyspnoea, but it oauses a still more marked increase in the per¬ 
centage of salts. Its after-effect is also much greater, and lasts longer. 

Bleeding has a similar effect to dyspnoea and to damping the 
carotid, but its most marked effect is afe increase in the percentage of 
organio substanoe. 

Injection of dilate salt solution, N&C1, 0'2 to 0*6 per cent., in sufficient 
quantity, considerably increases the rate of secretion of saliva; the 
percentage of salts in the saliva decreases, although the rate of 
secretion of salts usually increases; the percentage of organic sub¬ 
stance decreases; that is, increasing the volume of the blood with 
dilute salt solution chiefly increases the rate of secretion of water. 

The percentage of salts in samples of saliva obtained after the 
injection of dilute salt solution, increases with the rate of secretion, it 
is only when these are obtained before the injection that a discrepancy 
in the normal relation between percentage of salts and rate of secre¬ 
tion of water appears. 

Injection of sodium carbonate 2 per cent, also increases the rate of 
secretion of saliva; in this case the percentage of salts is about normal, 
the percentage of organio substance falls slightly only, i.e., the irrita¬ 
bility either of the nerve-fibres or of the gland cells is increased. 

Injection of considerable doses of potassium iodide, 1 per cent., after 
the sodium carbonate still allows a rapid secretion, butt he percentage 
of saltsfalls. 

Injection of strong salt solution increases the percentage of salts in 
saliva, this is in aooordanoe with the recent observations of Novi 
that the ohlorine in the salts of saliva is increased for a given rate of 
itoretion by increasing th®*percentage of sodium chloride in the blood. 
We find, howhver, that in the cam of an injection of strong salt solutidn 
into the blood which leaves the secretory power of the gland nn- 
affeetbd, the increase in the peroentagC of silts is much greater with 
sfewly than with rapidly secreted saliva, and that when the secretory 
ptiWWof the gland is affected by strung salt solution, an increase in 
th* pe*Cent*ge of organic substance also takes place; this and a part 
ofthe increase in the percentage of salts' we attribute to e doorcase of 
th*b!oed*flow through the gland. 

* YOL. XI*?. 
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Saliva produced by *fcinml»fcingtha chorda tyrapani, or by injeoting 
pilocarpin, after a small dose of atropin has been given, contain* * 
low percentage of organic substance and of salts. ♦ 

We, like Werther, find that snb-lingnal saliva has a considerably 
higher percentage of salts than sub-maxillary saliva. 

If lithiom citrate, potassium iodide, potassium ferrocyanide, and 
pilocarpin are injected into the blood, lithium can be detected in the 
first drops of saliva secreted, potassium iodide after the first six drops; 
potassium ferrocyanide cannot be detected At any stage of secretion. 

The general result of these experiments is to show that the secre¬ 
tion of water, of salts, and of organic substance are differently 
affected by different conditions, and that the percentage composition 
of saliva is determined by the' strength of the stimulus, by the 
character of the blood, aud by the amount of blood supplied to the 
gland. 

All or nearly all the arguments which have been adduced to prove 
that the secretion of organic substance is governed by special nerve- 
fibres, have their counterparts with regard to the secretion of salts, 
so that we might imagine at least three kinds of secretory fibres to be 
present. The experiments, on tho whole, indicate that this compli¬ 
cated arrangement does not exist, but that the stimulation of a single 
kind of nerve-fibre produces varying effects according to the varying 
conditions of the gland cells. 


IV. "Observations upon the Electromotive Changes in tire 
Mammalian Spinal Cord following Electrical Excitation of 
the Cortex Cerebri. Preliminary Notice.” By Francis 
Gotch, Hon. M.A. Oxon, B.A., B.Sc. Lend., and Victor 
Horsley, B.S., F.R.S., Professor of Pathology, University 
College, London. (From the Physiological Laboratory of 
the University of Oxford.) Received August 27,1888. 

[Plats 1.] 

Hitherto pathologists have attempted the analysis of the epileptic 
convulsion by the graphic method, that is, by recording the spasmodic 
contractions of the muscles involved. Recent investigations of this 
kind have shown that the excitation of the oortex cerebri, whether by 
electrical or chemical means, or by the presence of certain patho¬ 
logical states, neoplasms, inflammation, Ac., is invariably followed in 
the higher mammals by a definite and characteristic sequence of 
movements in the muscles. It is, however, obvious that such invests 
gabions have up to the present succeeded in determining the character* 
of the neural disturbance only when this has reached the peripheral 



19 


1888 .] The Spinal Cord and the Cortex Cerebri. 

terminations of the efferent nerves* Now since the excitatory pro¬ 
cesses originating in the oortex are conducted by the efferent channels 
in the spinal cord, presumably the pyramidal tracts, the problem o! 
their relationship to the centres of the balbo-spinal system cannot be 
determined by experiments which record the meohanioal changes in 
the muscles. In order to ascertain what share respectively the centres 
in the oortex and those in the spinal cord have in the production of 
the characteristic epileptic sequence, the action of the latter must be 
eliminated. This can be done by investigating the nature of the 
excitatory processes in the cord when the efferent channels in the 
dorsal region for the lower limbs are made the subject for observa¬ 
tion. 

For this purpose we determined to obtain, if possible, evidence as 
to the nature of the excitatory processes of the epileptic convulsion iu 
the spinal cord, as shown by “tapping*' the cord and noting the 
oleotromotive changes which, as is well known, accompany functional 
activity in nerves. The results we have already obtained are so 
liarmonious and demonstrative, that we venture to make this prelimi¬ 
nary communication, reserving full details for a subsequent account. 

Pabt I. The Electromotive Change following a Single Excitation of the 
Mammalian Nerve . 

Our first experiments were made for the purpose of ascertaining to 
what extent we oould detect an electromotive change following a single 
excitation of a mammalian nerve. Since the discovery by du Bois- 
Reymond of the fact that the excitatory process in nerve is accom¬ 
panied by an electromotive change, the characters and time relations 
of this change have been investigated by various observers, notably 
by Bernstein, Hermann, Hering, and Head. The general mult of 
their observations is to show that the change following a single stimu¬ 
lus is of veiy short duration, so short that the galvanometer gives 
little evidence of its presence, and the observers referred to were 
compelled to adopt the device first employed by Bernstein, which 
involves repeated excitation and consequent summation of effect, a 
method well known to physiologists as that of the repeating differ¬ 
ential rheotome. For our purpose it was essential to obtaip evidence 
of the effect following one stimulus only, and this we were fortunately 
able to do by using a sensitive Lippmaan’s capillary electrometer of 
quick reaction, made by Hr. 6. F. Burch, and belonging to Dr. Burden 
Sanderson, who kindly placed it at our disposal. This instrument, 
when the oapillary was magnified 400 times by tbe observing micro¬ 
scope, gave a perceptible response when coimeoted through a resistance 
of 10,000 ohms for one-thousandth of a second with an electromotive 
(jbffertmce of only 0*003 D. The amount of movement of tbe merit 
qury was estimated by the divisions of a micrometer eyepiece, one* 

o 2 
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division of which indicated an actual movement of jins a milli¬ 
metre. After we had found that the- eleotrometeri when connected 
with the transverse and longitudinal surfaces of the sciatic nerve of 
the toad, showed a response of one division following the application 
of a single stimulus, whether electrical or mechanical, we proceeded 
to the examination of the sciatic nerve in the rabbit* cat, and monkey. 
For these experiments the animal was in every case kept under the 
influence of ether, which was maintained throughout the whole experi¬ 
ment, and the animal was killed before recovery. The Bciatio nerve 
seemed for many reasons the most suitable of the mammalian nerves. 
It can be quickly prepared for 7 or 8 cm. in length; its nutrition is 
well preserved, since the arteria comes nervi uchiadici can be left nnith 
jured, and its diameter lessens the dangers of drying. 

The nerve, having been rapidly prepared and bathed in warm saline 
solution, 0‘6 per cent., was ligatured low down in the thigh, the liga¬ 
ture including the popliteal trunks. It was then divided on the 
peripheral side of the knot, and raised in air so as to be at right 
angles to the limb. One kaolin pad of a non-polarisable electrode 
was applied to the cnt end, and another to the longitudinal surface at 
a distance of l'fi cm. A pair of sheathed exciting platinum electrodes 
2 mm. apart, was then applied to the trunk of the nerve 6 cm. 
centrally from the nearest leading-off electrode, t.e., opposite the 
■ciatio notch. The exciting stimulus was obtained by the break of 
the current of a single Callaud oell supplying the primary coil of a 
du Boia-Raymond inductorium graduated by Kroneoker. The break 
shock produced iu the secondary coil by this means was so feeble as 
to be barely perceptible on the tip of the tongue when the secondary 
coil completely covered the primary. The break was affected by the 
spring rfaeotome, which opened a fixed key at a definite point in its 
course. The electrometer was connected with the non-polarisable 
electrodes by a circuit which included the usual compensator. By 
means of a switch the electrometer oould be out ont, and the circuit 
made to.include a high resistance galvanometer, which also revealed 
the single variation. The two instruments oould be thus readily com¬ 
pared. The excursion of the mercury of the electrometer was ascer¬ 
tained both by direct observation in terms of the divisions of the 
micrometer eyepiece, and by photographing the projected capillary 
upon a moving sensitive plate; in the latter case the capillary was 
magnified 100 times. The results of our observations are briefly as 
follows:— 

The mammalian nerve showed a well-marked difference or demar¬ 
cation current, that is to say, the electrode upon the longitudinal 
surface was notably positive to that on the out end. The movement 
of the meroury corresponding to this difference amounted in some 
oases to 80 divisions of the micrometer, and is shown in fig. 1 pro- 



21 


1888*] The Spinal Cord anithe Gortex Cerebri 

jeoted upon tbe plate. Its E.M.T. was from about 0*01 to 0*018 D. 
The passage of tbe single break induction shook through the platinum 
electrodes in either direction was followed by a small quick movement 
of the mercury, which was invariably in the opposite direction to 
that produced by the demarcation current. Its amount Varied in 
different animals from 1 to 2*5 divisions of 'the micrometer eyepiece, 
and it is shown as photographed in fig. 1 and fig. 2. After severing 
the nerve from the bnlbo-spinal system above the exoiting electrodes, 
the same effect was obtained; its character, as shown by the movement 
of tiie mercury was, however, different, being as we believe much 
shorter in duration and less in amount. Bat our experiments not 
being directed to the elucidation of this point, we will not speak 
positively with regard to it. After a time, varying in different cases 
from twenty minutes to three-quartets of an hour, the effect was no 
longer visible. This movement of the mercury may be conceivably 
due to the three following factors, working singly or in eo-opera- 
tion 

(A.) Escape of the exoiting indnetion current (uni-polar). 

(B.) Eleotrotonio change. 

(C.) The true excitatory variation of the nerve. 

(A.) That it was not due to any escape of the induction current is 
shown by the following facts:— 

(1.) The variation was produced by the very weak induction 
currents, such as those obtained when the Helmholtz wire is used, 
and its character did not vary with increasing strength of the 
ourrent. 

(2.) It was no longer perceptible when the nerve was ligatured 
between tbe exciting and leading-off electrodes. 

(3.) As the nerve gradually died the effect became less, and was 
no longer perceptible when the nerve was severed from the animal 
and left for three-quarters of an hour. Moreover, when the nerve was 
indifferently prepared the variation was absent, or else very small and, 
transient. 

(4.) The effect remained visible when the electrometer was short 
circuited for second after tbe break of the exciting key. 

{B.) That it was not due to eleotrotonio change is shown by the 
following additional facts:— 

(1.) The direction of the effect was always the same, that is, 
opposed to that of the demarcation current whatever the direction of 
the exciting current. 

(2.) When the exoiting electrodes were shifted to within a centi¬ 
metre of the proximal leading-off electrode, an effect was produced, 
the' direction of which was dependent upon that of the exoiting 
current (fig. 3). This effeot differed from that of the true variation 
in other particulars, viz., its amount was dependent upon that of the 
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exciting current, it could bo obtained after ligature ot the nerves, and 
when thus obtained its character, as shown by the movement of the 
^electrometer, was unlike that of the excitatory variation, both to the 
eye and in the photograph (compare figs. 1, 2, 3, Plate 1). 

(3.) An excursion similar to that we are considering oould be pro¬ 
duced by mechanical excitation. 

There is thus no doubt that the movement we obtained and 
photographed was due to the electromotive change which accom¬ 
panies the propagation of an excitatory state along the mammalian 
nerve when this state is evoked by the application of a single 
stimulus. 

Having thus assured ourselves of the accuracy of the method, we 
now proceeded to ascertain whether the instrument would reveal the 
existence of similar electromotive changes if it was connected with 
the nerve or with the spinal cord, and an epileptic convulsion pro¬ 
duced by excitation of the cortex cerebri. 

Past II. Excitation of the Cortex Cerebri. 

A. Mixed Spinal Nerve connected with the Electrometer .— In two 
cases we have connected in the manner described in Part T the 
sciatic nerve with the electrometer, and have then exposed by a 
small trephine opening the so-callod motor cortical centre for the 
lower limb. This we then excited by a very weak but adequate 
fa radio current. So far, however, we have not been able to detect 
any movement in the mercury, although the muscles of the investi¬ 
gated limb supplied by the anterior crural nerve were thrown into a 
state of active convulsion. It is probable that the character of the 
neural disturbance* in the mixed nerve may be best studied by 
investigations which we shall shortly undertake upon the electro¬ 
motive changes in the muscles. 

B. The Spinal Cord connected with the Electrometer ,—The experi¬ 
ments, the results of wbioh are now to be briefly detailed, were made 
in the following manner 

The spinal cord of the etherised animal (oat and monkey) was 
exposed in the lower dorsal region for about 4 cm,, and as low down 
as the upper end of the lumbar enlargement. Great care was taken 
by bathing with warm saline to guard as much as possible against 
the dangers of error due to cooling and drying. The dura mater 
having been split longitudinally, a strong thread was pasted round 
the spinal cord at the lower limit of the part exposed. It was tied 
firmly and the cord divided below the knot. By suooessive division 
of the two or three roots exposed in the intervertebral foramina, the 
cord was easily raised from tbe neural canal and suspended in the air 
without any great interference with the circulation in the longitudinal 
vessels. „ £ 
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One of the mm-pol&risabfe electrodes was then brought into contact 
witli the cut end of the cord and the knotted ligature, while the other 
was connected with the longitudinal .surface of the cord 2 cm. from 
the cut end by means of soft thread cables soaked in saline solution 
and tied loosely round tbe cord. In one experiment the connexion 
was with one lateral column only. Mass movements of the elec¬ 
trodes upon the spinal cord were suitably guarded against, though'it 
was found that the cord might be shaken without producing any 
effect in tbe electrometer. 

On connecting these electrodes with the electrometer a consider¬ 
able electromotive difference was found to exist between the contact?, 
the excursion of the mercury being so great, beyond the field of 
the microscope, that its amount could not ho estimated in terms of 
the micrometer eyepiece. The out surface was always negative to the 
longitudinal surface, and the amount of the difference as estimated by 
the compensation method was about 0*02 D. It appeared to be highest 
when the section passed through the dorsal region without involving 
the lumbar enlargement. A difference between the surfaces of the 
cord has been previously observed by du Bois-Raymond. 

The cortex cerebri was now exposed and the exciting circuit pre¬ 
pared. The inductoriura previously employed was again used with 
one Daniell cell in connexion with the interrupter of primary coil 
and the Helmholta side wire. The exciting electrodes had platinum 
points 2 mm. apart. 

The demarcation current hftving been compensated, and the electro¬ 
meter placed in connexion with the non-polarisable electrodes, the 
motor area for the lower limb was excited. The results of the obser¬ 
vations made upon four monkeys and several cats may be summed 
up as follows 

(L) The application of tho exciting electrodes to the cortex was 
without exception only followed by a movement in the electrometer 
when the area of representation of the lower limb was touched, and 
this even when owing to prolonged excitation of the arm area tbe 
upper limb was in violent epileptic convulsion. We found that when 
the exciting electrodes were moved over the surface of the brain tbe 
observer at the electrometer only gave notice of a movement in the 
instrument when the person exciting had crossed the margin of 
representation of the limbs. This shows that electromotive changes 
in the cord sufficient to affect our instrument occurred only when the 
motor area of the lower limb was excited. All error due to escape is 
thus set on one side, while at the same time this remarkable fact con¬ 
firms tbe localisation of function. 

(2.) The excitation of the motor area for tbe lower limb was 
accompanied and followed by characteristic movements of the 
ipslonry (ftps. 4 &||d 5). The excitation by means of the interrupted 



24 


Mr F. Gotcli and Prof. Victor Horsley. [Not. 16, 

current usually lasted for two seconds, that is about 200 equal and 
alternately directed induction currents passed through the excited 
tissue. During this period the meroury showed an excursion opposed 
in direction to that of the difference between the longitudinal surface 
and cut end of the oord. This excursion persisted as long as t^e 
exoit&tion lasted, and coasad when this was left off. Then after an 
interval of from one to three seconds there ensued a ahythmical ‘ 
succession of exonrsions each opposed in direction to the resting 
difference, some apparently single and others multiple. These lasted 
from twenty to thirty seconds and suddenly oeased. 

The excursions variod in amonnt from one to about four divisions 
of the micrometer eyepiece, and their rate of ocourrenoe was too rapid 
to be correctly estimated by the eye. We therefore obtained photo, 
graphs of this rhythmical effect, and of these we append two (bob 
figs. 4 and 5). The first of these (fig. 4) shows the electromotive 
change occurring in tho spinal cord during a complete convulsion, in 
which may be distinguished the first persistent stage parallel to the 
tonic stage of the muscnlar epileptic convulsion and the second 
rhythmical series parallel to the olonio stage. 

They are both shown upon the plate, which in this instance 
took about twelve seconds in travelling past the image of the 
capillary. 

The second photograph (fig. 5), taken on a qnickly travelling plate, 
shows the rhythmical stage only. The rate of the rhythm is seen to 
vary, and the individual variations to become more pronounced as the 
rhythm slows, that is, towards the end of the fit. 

We have repeated this observation thirty or forty times, and feel 
ourselves justified in concluding that we have obtained evidence that 
during a cortical epileptiform discharge the electromotive changes in 
the spinal cord are exactly parallel as regards the character of their 
sequence to the convulsions of the muscles as recorded by the gmphio 
method. It remains to he stated that after removal of the oortex we 
have obtained an effect in the electrometer when the oorona radiata 
was stimulated. This effeot was only present during the period of 
excitation, no rhythmioat after-effect ever being observed. Its 
oharaoter was prolonged, and resembled the persistent stage referred 
to above (see fig. C). 

In conclusion, we consider that since by the method we have 
adopted the influence of the lumbar bulbo-spinal centres is excluded, 
the existence of the epileptic rhythm in the dorsal regions of the 
spinal oord points to its being almost entirely of oortic&l origin. 
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EXPLANATION OP PLATS 1. 

JPIm *iz figure. in the plate ate faoiimile drawing* of photograph*. The negative* 
were obtained by projecting tbe image of the capillary electrometer upon a narrow 
•lit, behind which an extra rapid photographic plate travelled. The direction of 
movement waa such that the right hand side of the printe corresponds to the moment 
when the plate reached the slit: the figures are time to be road from right to 
left* In order to save room, only the essential part of the photographs—that 
showing the position of the meniscus of the mercury in the photograph—is shown. 
The lower darkly toned part of each figure corresponds to the lighter pari of tin* 
negative, and indicates the part of the slit shaded by the mercury of the electro 
meter t an excursion of the mercury is thus indicated by an elevation or depression 
of the upper edge of the dark band. The regular series of dark and light bars 
on the edge of the figures were made by a vibrating shutter, each entire vibration 
of which occupied one-tenth of a seoond. 

Fig. I.— Photograph showing two prominences, m and fl, due to two excursions of 
the mercury when first a make and then a break induction shock was 
led through the mammalian nerve, the cut end and surface of which were 
in connexion with the electrometer 6 cm. from the point of excitation. 
The arrows indicate the direction of the exciting induction current through 
the nerve, and the effect is seen to he independent of this direction. At 
the point marked • the electrometer was short circuited, and the move¬ 
ment of the mercury due to the cessation of the demarcation current effect 
is thus shown. The excursions at si and b are scon to be opposed in direc¬ 
tion to that produced by the demarcation current. 

Via. 2.—Photograph showing the excitatory variation effect in nerve. In this case 
the nerve of the monkey was severed from the body, connected as in fig. 1 
with the electrometer, and excited six times by means of induction shocks 
of different character and direotion. The excitation ooouripd at make m 
and break 6, and the direction of the induction shock—whether t, ascending, 
or I, descending—is indicated. The effect is seen to be always in tho same 
direction, being opposed to that of the demarcation current, and such that 
the electrode on the longitudinal surface becomes negative to that on the 
cut section. The rate of movement of plate was the same as in fig. 1. 

VlG. 3.—Photograph illustrating the effect produced in the electrometer when 
there is a slight escape from the exciting electrodes into the electrometer 
electrodes. The effect was produced by using a severed nerve, which no 
longer gave any obvious excitatory response to electrical excitation. The 
exciting electrodes were placed upon such a nerve at a veiy shore distance 
(1*5 cm.) from the nearest leading off electrode, vis., that upon the longi¬ 
tudinal surface. The direotion of the effeot is seen to depend upon the 
direotion of the induction shock m produced by make t* and break b of tbe 
primary circuit of the Induction apparatus. The character of tbe excursion 
is markedly different to that shown in figs. 1 and 3, being much more 
abrupt The rate of movement of plate was the same as in fig. 1. 

Via. 4.—Photograph showing the effeot produced in the electrometer when this 
la connected by one pole with the longitudinal, and by the other with the 
sectional, surface of the spinal cord of the monkey, and the cortex cerebri 
then excited over the motor area for the lower limbs by means of the 
faradio current. The excitation commenced at a and ceased at e. It is 
•ten to be accompanied by an upward movement of the mercury, shown by 
an dltoration fa Imposition of tho .desk band, which repohes a slightly 
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higher lorrl ami remain* at this level daring the period of oxcitation, and 
then returns. The direction of £be movement indicates that the longitu¬ 
dinal surface ha* become negative to the cross-section. This correspond* 
to the persistent (tonic) muscular effect which is characteristic of the first 
stage of an epileptic fit. Proceeding from right to left, the cessation of the 
excitation is seen to be followed by a rhythmical series of excursions, which 
at first follow ono another in rapid succession, but are small in extent, and 
whioh subsequently occur at longer intervals, but are much more pro¬ 
nounced in character, until at d they suddenly cease. This corresponds to 
the clonic stage of the epileptic convulsion. 

Kio. 6.—The photograph shouts Uio rhythmical (clonic) effect only. The 
recording surface was made to travel more rapidly past the slit, a marked 
rhythmical change having been first evoked by excitation of the cortex. 
The plate was not allowed to commence its passage past the slit until six 
seconds after the excitation hod ceased. The rhythm is thus seen to great 
advantage. As before, the upward movement of the mercury, as indicated 
by the elevations of the more darkly toned parts, are due to olectromotive 
changes in the cord such that the longitudinal surface of the cord becomes 
negative to the transverse section. 

Fia. G.—Photograph showing the effect obtained when, with the spinal cord con¬ 
nected as in the preceding with the electrometer, the cortex cerebri is* 
removed and the corona radiata excited by faradisation. The excitation 
commend'd at a and ceased at c. It is accompanied by an upward 
porsistent movement of the mercury, shown in tlie photograph as nn 
alteration of level, and corresponding in character to the (tome) effect 
produced during the excitation of the cortex. On tbo cessation of the 
stimulus the effect subsides and is not followed by any rhythmical effect. 
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Science. Proceedings. New York Meeting. 8vo. Salem 1888. 

The Association. 

Harvard College. Museum of Comparative Zoology, Bulletin. 
Vols. XIII, Nos. 9-10; XIV-XV; XVII, No. 1. 8vo. Cam * 
bridge 1888. The Museum. 

Canada :—Royal Society of Canada. Proceedings and Transactions. 

1887. 4to. Mmtreal 1888. The Society. 

Edinburgh:—Royal Society. Transactions. Vol. XXXI. Vol. 
XXXIII. Part 2. 4to. Edinburgh 1888; Proceedings. Vol. 
XIV. 8vo. Edinburgh 1888. The Society. 

EuropeCJongrfcs Geologique international. Compte Rendu. 3me 
Session. Berlin 1885. 8vo. Berlin 1888; Explications des 
Excursions. 4me Session. Londres 1888. 8vo. Londres; 
Reports of the British Subcommittees on Classification and 
Nomenclature. 2nd edit. 8vo. Cambridge \ 888; Carte Geolo¬ 
gique Internationale de l’Europe. < euille 24 (C. IV.). 

Dr. W. Hauchecorne and Mr. Topley, F.R.S. 
Halle:—Kais. Leopold.-Carol. Deutsche Akademie der Natur- 
forsoher. Vorhandlungen. Vols. XLIX-LI. 4to. Halle 1887; 
Leopoldina. Hefte 22-23. 4to. Halle 1886-87; Katalog der 
Bibliothek. Lief 1. 8vo. Halle 1887- The Academy. 

Hobart: * Royal Society of Tasmania. Papers and Proceedings. 
1887. 8vo. Hobpif 1888. The Society. 
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Transactions ('ontinued), 

London:—Entomological Society. Transactions. 1888. Part2. 8m. 
London . The Society. 

Geological Society. Quarterly Journal. Vol. XLIV. No. 175. 

8vo. London 1888. The Sooiety. 

Institution of Oivil Engineers. Minutes of Proceedings. Vol. 

XCIII-XCIV. 8vo. London 1888. The Institution. 

Institution of Naval Architects. Transactions. Vol. XXIX. 

4to. London 1888. The Institution. 

Iron and Steel Institute. Journal. 1888. No. 1. 8vo. London . 

The Institute. 

London Mathematical Society. Proceedings. Vol. XIX. Nos. 

817-320. 8vo. London 1888. The Society. 

Physical Society. Proceedings. Vol. XI. Part 8. 8vo. London 
1888. The Society. 

Royal Medical and Chirurgical Society. Proceedings. New 
Series. No. 19. 8vo. London 1888. The Society. 

Royal Microscopioal Sooiety. Journal. 1888. Parts 3-4. 8vp. 

London . The Society. 

Zoological Society. Proceedings. 1888. Parts 2-3. 8vo. London . 

The Society. 

Naples:—Reale Acc&demia delle Scienze Fisiche e Matematiche. 
Atti. Ser. 2. Vols. I-IL 4to. Napoli 1868; Rendiconto. 
1887. Gennaio—Dicembre. 4to. Napoli . 

The Academy. 

Paris:— Biblioth&que du DApdt de la Guerre. Catalogue. Tome. 

IV-V. 8vo. Paw 1886-87. M. le Ministre de la Guerre. 
Pesth:—Magyar TadomAnyos AcadAxnia. Almanaoh, 1886, 1887; 
Archwologiai firtesitd, 1885, Kdtet V. SzAm 8-5. 1880, 
K5tet VI. SzAm 1-5. 1887, Kotet VII. SzAm 1-2; Archsaolo- 
giai KdzlemAnyek. Kotet XIV-XV; Bulletin, 1885-86, 4-5; 
EralAkbeazAdek. Kotet III. SzAm 3-10. Kotet IV. SzAm 1-5; 
firtekezAsek (NyelvtudomAnyi). Kotet XII. SzAm 6-12. Kdtet 
XIII. SzAm 1-12; £rtekezAsek (Mathematikai), Kotet XI. 
SzAm 10. KOtet XII. SzAm 1-11. Kotet XIII. SzAm 1-2; 
firtekezAsek (TArsad&lmi). Kotet VII. SzAm 10. Kotet VIII. 
SzAm 1-10. Kdtet X. SzAm 1; £rtekezAsek (TermAazettudo- 
mAnyi). Kotet XIV. SzAm 9. K5tet XV, SzAm 1-19. 
Kotet XVI. SzAm 1-6. Kotet XVII. SzAm 1; firtekezAsek 
(TortAnettudomAnyi). Kotet XII. SzAm 8, 5-10. Kotet XIII. 
SzAm 1-4. firtesitdje. 1885, SzAm 3-6. 1886, SzAm 1-7. 
1887, SzAm 1-8; Ethnologisohe Mittheilungen. 1887, Heft 1 ; 
fivkdnyv. 1886; Mathematikai As TermAzz. firfcesitd, Kotet 
III. Fiizet 6-9. Kdtet IV. Fttzet 1-9. Kdtet V. Fiizet 1-5; 
Mathematikai As TeimAsz. KozlemAnyek. Kdtet XX. Kdtet 
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Transactions (continued). 

XXI. Ssirn 1-5. Math e matt sob e und NaturwiBaensuliaftlicho 
Beriohte. Bd. III-IV; Nyelvtndomdnyi Kttzlemenyek. Kotet 
XIX. Ftlzet 2-7. KOtet XX. Fiizet 1-2; Ungarische lievue. 
1885, Hol’te 8-10. 1886, Hofte 1-7. With sundr/ volumes on 
Literary, Political, and Historical subjects 

The Academy 

Sydney:—Royal Society of New Sooth Wales. Journal and Pro¬ 
ceedings. Vol. XXI. 1886. 8vo. Sydney 1888. The Society 
University. Calendar. 1888. 8vo. Sydney . The University 
Tokio:—Imperial University, College of Science. Journal. Vol. II. 
Parts 1-3. 4io. Tokyo 1888; Mitteilungen ans der Mediciu- 
ischen Faoultat. Bd. I. No. 2. 4to. Tokio 1888. 

The University. 

Seismological Society of Japan. Transactions. Vol. XII. 8vo. 
Yokohama 1888. The Society 

Vienna:—K.K. Zoologiseh-BotaniseheGesellschaffc. Verhandlungeu. 

Jahrg. 1888. Hefto 1-2. 8vo. Wien. The Sooioty 

Wellington:—New Zealand Institute. Transactions and Proceed¬ 
ings. Vol. XX. 8vo. Wellington 1888. The Institute. 


Observations and Reports. 

Berlin:—Commission fur die Beobachtung des Venus-Durchgangs. 
Die Veuus-Durchgiiage 1874 und 1882. Berioht liber die 
Dentsohen Beobachtungen. Bd. III. 4to. Berlin 1888. 

The Commission. 

Konigl. Stemwarte. Berliner ABtronomisches JahrbucU fur 1890 
8vo. Berlin 1888. The Observatory. 

Bordeaux:—Observatoire. Annales. Tome II. 4to. Bordeaux 1887. 

The Observatory. 

Canada:—Geological and Natural History Survey. Annual Report. 

1886. 8vo. Montreal 1887. The Snrvey. 

Cape of Good Hope:—Cape Observatory. Meridian Observations, 

1882-84. 8vo. London 1887; Aimals of the Cape Observatory. 
Vol. II. Part 2. 4to. [London ] 1885. The Observatory. 
Cordoba:—Ofioina Meteorologies Argentina. Anales. Tomo VI. 

4to. Buenos Airee 1888. The Office. 

GreenwichRoyal Observatory. Observations. 1886. 4to» London 
1888; Speotrosoopic and Photographic Results, 1886-87. 4fco. 
Jjgmdon; Astronomical Results, 1886. 4to. London ; Magnetical 
and Meteorological Observations, 1886. 4to. London ; Rates of 
Chronometers on Trial for Purchase by the Board of Admiralty, 

1887, July 2, to 1888, January 21. 4to. London 1888. 

The Observatory. 
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Observations, Ac. (continued). 

India:—Great Trigonometrical Survey of India. Account of 
Operations. Vol. X. [Two copies.] 4to. Behni Dun 1887; 
General Report, 1886-87. Folio. Calcutta 1888. 

• The Survey. 

International Polar Expeditions. Die Internationale Polarfor- 
schung 1882-83. Beobachtungs-Ergobnisse der Norwegischen 
Polarstation Bossekop in Alton. Thiel II. 4to. Christiania 
1888. The Meteorological Office. 

Kew:—Royal Gardens. Bulletin of Miscellaneous Information. 

No. 18. 8vo. London 1888. The Director. 

Kiel:—Commission zur Untersuclmug der Deutschen Meere. 
Ergebnisse der Beobachtungsstationen. Jalirg. 1888. Hefte 
1-6. Obi. 4to. Berlin 1888. The Commission. 

Lisbon:—Observatorio do Infante D, Lniz. Amines. 1883-84. 
Folio. Lisboa 1886-87; Humidode do Ar em Lisboa. 1836- 
1880. Folio. Lisboa 1888. The Observatory, 

London :—Army Medical Department. Report, 1886. 8vo. London 
1888. The Department. 

Stationery Office. Report on the Scientific Results of the Voyage 
of H.M.S. “ Challenger.” Zoology. Vols. XXIII-XXVII. 4to. 
Lon,Ion 1888. The Office. 

Marseiilos:—Commission Met6oroIogique du D6partement dos 
Bouches-da-Rhdne. Bulletin Annuel. Ann£e 1-5. 4to. Ifar- 
seille 1883-87. The Commission. 

Milan:—Reale Osservatorio di Brera. Pubblicazioni. Nnm. 33. 
4to. Milano 1888. The Observatory. 


Anderson (R. J.) Notes on Two Scapul®. 8vo. [ London ] 1888. 

The Author. 

Assier (A. d’) Note sar le Transformisme. 8vo. Foix [1888]. 

The Author. 

Berthelot (M.), For. Mem. R.S. Collection des anciens Alchimistes 
Grecs. Livr. 2 4to. Paris 1888. The Author. 

Blanford (W. T.), F.R.S. The Fauna of British India, including 
Ceylon and Burma. Part I. Mammalia. 8vo. London 1888. 

The Author. 

Borchardt (C. W.) Gesammelte Werke. Herausg. von G. Hettner. 

4to. Berlin 1888. The Berlin Academy. 

Brandis (Sir D.), F.R.S. Notes on Forest management in Germany. 

Folio. London 1888. The India Office. 

Bruce (A. T.) Observations on the Embryology of Insects and 
Arachnids. 4to. Baltimore 1887. 


Johns Hopkins University. 
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Carruthers (Her. G T.) The Planets upon Cardioides. [Six copies.] 
4to. Boorkee 1888. The Author, 

Caruana (A. A.) Remains of an ancient Greek Building discovered 
in Malta in February, 1888. Folio. Vabtta . The Author. 

Cauchy (A.) CEuvrea Completes. Sdr. i. Tome VI. 4to. Pari* 
1888. L 1 Academic des Sciences. 

Colenso (W.), F.R.S. Papers contribnted to tbo Transactions of the 
New Zealand Institute. Vol. XX, 1887. 8vo. [ Wellington ]; 
Anniversary Address to the Hawke’s Bay Philosophical Institute. 
8vo. Ifapier 1888. The Author. 

Doberck (W.) Telegraphic Determination of the Longitude of 
Haiphong. 8vo. London 1888. . The Author 

Folmer (N.) R6bns sur la Lnmidre, l’lmage ct les Couleurs Pris- 

matiquos. 8vo. Groningue 1888. The Author. 

Foster (M.), F.R.S. A Text Book of Physiology. 5th edit. Part 1. 

8vo. London 1888. Tbo Author. 

Galloway (W.) Shot-firing in Mines. Part 8. 8vo. [ Cardiff] 1888. 

The Author. 

Gegenbaur (C.), For. Mem. R.S. Lehrbuch der Anatomie dos 
Menschen. Dritte A ullage. 8vo. Leipzig 1888. The Author. 

Hartig (R.) and Weber (R.) Das Holz der Rothbuche. 8vo. Berlin 
1888. With fourteen Pamphlets in 8vo. and 4to., by Prof. R. 
Hartig. Prof. Hartig. 

Hinde (G. J.) Spitsbergen Chert-Deposits. 8vo. London 1888; On 
some New Species of Umguaya, 8vo. London 1888. 

The Author. 

Jones (T. R.), F.R.S. Notes on the Palmosoio Bivalved Entomostraca. 
On some Silurian Ostracoda from Gothland. 8vo. [London] 
1888; Fifth Report of the Committee (British Association) oil 
the Fossil Phyllopoda of the Palteozoie Rocks, 1887. 8vo. London 

[1888], Prof. Jones. 

Kempe (H. R.) Handbook of Electrical Testing. 4th edit. 8vo. 

London 1887. The Author. 

Klein (P.), For Mem. R.S. Resolution de liquation du Vingt. 
Septidme DegrA 4to. Paris [1888] ; with three other Excerpts 
in 8vo, The Author. 

KUlliker (A.), For. Mem. R.S. Die Entwickluug des Mensohlichcn 
Nagels. 8vo. Wurzburg 1888. The Author. 

KUstner (F.) Neue Methode zur Bestimmung der Aberrations- 
Constant© nebst Untersuchungen liber die Verttnderlichkeit der 
PolhObe. 4to. Berlin 1888. The Author. 

Lawes (Sir J. B.), F.R.S. Memoranda of the Field and other Experi¬ 
ments at Robbamsted, June, 1888.. 4to. London . 

Sir J. B. Lawes, Bart., F.R.S. 
Lemoine (E.) and Vigane (E.) Note sur les Elements Broeardiens. 
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8vo. Paris 1888. With six Pamphlets by M. B. Letnoine in8vt>. 
and 4to. M. Lemoine. 

Mann (H.) Features of Society in Old and New England. 8m. 4to. 

Providence 1885. The Author. 

Marinny (L.) Note & propos des “ Canaux" de Mars. [Two 
copies.] 8vo. Paris 1888. The Author. 

Menshrugghe (G. rau der) Qaolques Mots sur ma Thlorie dU Filage 
de l’Huile. 8vo. Bruxelles 1888; CauBerie sur la Tension Super- 
fioielle. 8vo. [Bruxelles] 1888. • The Author. 

Mueller (Baron F. von), F.R.S. Iconography of Australian Speeiea 
of Acacia and Gognate Genera. Decades 9-11. 4to. Melbourne 
1888. . The Government of Victoria. 

Ormay (A.) Supplements Fauns Coleopterorum in Transsilvania. 

8vo. Ntigij’&seben 1888. The Author. 

Parlatbre (F.) Flora Italians, continuata da T. Carucl. Vol. VIII. 

Parte 1. 8vo. Firenxe 1888. Prof. Caruel. 

Rhode (R. T.) A Practicable Decimal System for Great Britain and 
her Colonies. 8vo. London 1888. The Author. 

Sherbom (C. D.) A Photograph of an Engraved Portrait of the 
Naturalist Soldani. 8vo.; Bibliography of the Foraminifera, 
1865-1888. 8vo. London. Mr. Sherbom. 

Sylvester (J. J,), F.R.S. Lectures on the Theory of Reciprocante, 
delivered before rhe University of Oxford, 1886. 4to. [Baltimore,] 

The Author. 

Symons (G. J.), F.R.S. British Rainfall, 1887. 8vo. London 1888. 

Mr. Symons, F.R.S. 

Thomas (A. P. W.) Report on the Eruption of Tarawera and Roto- 
maliano, N.Z. 8vo. Wellington 1888. The Author. 

Weyer (G. D. E.) Berechnung der Deviation der Sohiffskompasse. 

8vo. Berlin 1888. The Author. 

Wolf (R.) Astronomischo Mittheilungen. Mai 1888. 8vo. ZUrioh. 

Prof. Wolf. 


The Original Illustrations to Hewson’s work on the Lymphatio System. 

Folio. Dr. Addi'nell Hewson, Philadelphia. 

Bronze Medal, awarded by the Amsterdam Academy in Latin Verse 
competition. The Academy. 
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November 22, 1888* 

Professor G. G. STOKES, D.C.L., President, in the Chair. 

In pursuance of the Statutes, notice was given from the Chair of 
the ensuing Anniversary Meeting, and the list of Officers and Council 
nominated for election was read as follows:— 


President .—Professor George Gabriel Stokes, M.A., D.C.L., LL.D, 

Treasurer .—John Evans, D.C.L,, LL.D, 

a . . f Professor Michael Foster, M.A., M.D. 

Secretaries. | The Lopd llayleighj M ^ D . C . L . 

Foreign Secretary .—Professor Alexander William Williamson, LL.D. 


Other Members of the Council —Professor Henry EdVard Armstrong, 
Ph.D.; Henry Bowman Brady, F.G.S.; Charles Baron Clarke,M.A.; 
William Huggins, D.C.L.; John Whitaker Halke, F.R.C.S.; Pro¬ 
fessor John W. Judd, F.G.S.; Edward Emanuel Klein, M.D.; Pro¬ 
fessor E. Ray Lankester, M.A.; Professor Herbert McLeod, F.I.C. ;• 
Sir James Paget, Bart., D.C.L.; William Pole, Mus. Doc. ; William 
Henry Preeoe, M.I.C.E.; Sir Henry E. Roscoe, D.C.L.; Edward 
John Routh, D.Sc.; Professor Arthur William Rucker, M.A.; 
William James Lloyd Wharton, Capt. R.N. 


The Presents received were laid on the table and thanks ordered 
for them. 


The following Papers were read :— 


I. “ On the Specific Heats of Gases at Constant Volume. 
(Preliminary Note./' By J. Jolt, M.A., B.E. Communi¬ 
cated by Professor G. F. Fitzgerald, F.R.S. Received 
July 21, 1888. 

I have found it possible to obtain the specific heat of a gas at con¬ 
stant volume by moans of the steam calorimeter,* the values obtained 
being, I believe, reliable as^close approximations to the true values. 

* 11 On the Method of Condensation in Calorimetry” (hy J. Joly) " Roy. 8oo. 
Proa,’ vol. 41, p. 862 * and 11 Ueber das Dampfcalorimeter ” (yon R, Bunsen), 
* Wiedemann’s Annalen,* voL 81, p. 1. 

. VOL. XIV. 


X> 
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Mr. J. Joly. On the t [Nor. 23, 

The first method of procedure adopted was to compress by means of 
a pump a certain quantity of dry air into a thin copper sphere, the 
sphere being then elosed by a screw valve. The quantity of gas in 
the sphere is ascertained by weighing. 

The sphere is now hang in the calorimeter, suspended from a 
delicate balance, reading to one-tenth of a milligram, and its thermal 
capacity determined in a certain number of experiments. The gas u 
then released, and the sphere further exhausted by means of an air- 
pump, sealed, and its thermal capacity again determined in a number 
of experiments. This allows of a computation of the thermal capacity 
of the contained gas. 

This method I at first used, but as in dealing with the effect on the 
weighings, due to the transference of bo bulky a body from air to 
steam, much troublesome calculation and risk of error was involved, 1 
modified it in the following manner :— 

Two spheres are prepared, alike with respect to external volume, 
and approximately of the same weight. The thermal capacities of 
these are compared in a double calorimeter, being suspended one 
from each arm of a short beam balance. If their thermal capacities 
are not alike a calculated weight of copper wire is introduced into 
that of least thermal capacity. They are in this way brought to have 
the same thermal capacity, so that in an experiment on the empty 
spheres there is no effect on the balance. 

One of these is now pumped full of air, and the specific heats of the 
spheres again compared, The weight of condensation now obtained is 
that due to the gas alone. It is evident that many sources of error 
obtaining in the former method are removed in the latter. The 
results obtained are also far more consistent one with another. In this 
oase the specific heat is calculated directly on the formula given in 
my paper on the steam calorimeter— 

a _ wX 

8 “ W(v=ro* 

where X is the latent heat of steam, w the weight of steam condensed 
by the gas, W the weight of gas, and t % ^ the extremes of tempera¬ 
ture obtaining. S so calculated may be subject to some slight correc¬ 
tions, which I will not here enter into. 

Up to the present I have only dealt with air, but I have made pre¬ 
parations for resuming shortly my work, dealing with other gases, 
over critical temperatures if possible in some oases, and making con¬ 
firmatory experiments on air and also in extension of those given 
below. , 

The spheres used are about 6 7 om. internal diameter; volume 
168 a 6 o.c. They weigh about 92*2 grams. That containing the air is 
tested hydraulically to 1000 lbs. per square inch. 




ERRATUM, No. 273, 


P. 34, line 7. After the word balance, reference to Note on 
p. 36 omitted. 
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Table I. 

Weight of Air in the Sphere = 5‘4816 grammes. 
Pressure at 100° 0. about 27,700 mm. of Mercury. 

w* 

Density = ^ « 0*08458. 


No. 


0- 

A. 

. - 

w. 

Sp. heat. 

i 

14*93 

100*24 

626*3 

0*1626 

0*17016 

2 

16*62 

100*17 

630*4 

0*1607 

0*17029 

8 

14*94 

100*16 

636 '4 

0*1647 

0*17766 

4 

16*28 

100*16 

680*4 

0*1613 

0-17662 

5 

16 *18 

100*22 

636*4 

0*1660 

0-17836 

Mean. 

0*17699 


Table IL 

Weight of Air in the Sphere = 4*3084 grammes. 
Pressure at 100° C. about 21,800 mm. of Mercury. 
W 

Density = -^ = 0*027182. 


No. 

* i• 

t 2 . 

A. 

w. 

Sp. heat. 

1 

10 10 

100*22 

636*4 

0*1194 

0*17672 

2 

16 20 

100-32 

686*3 

0*1222 

0*17868 

a 

16*88 

100*33 

636 *8 

0 1182 

0*17631 

4 

16*20 

100*15 

636*4 

0*1199 

0*17672 

5 

16*69 

100*12 

636*4 

0*1188 

0*17728 

Mean...... 

0 17604 


Table III. 

Weight of Air in Sphere as 3*1357 grammes. 
Pressure at 100° C. about 15,890 mm. of Mercury. 

Density = ^ = 0*019784. 


No. 



X. 

w. 

8p. heat. 

1 

15*88 

100*07 

626*6 

1*0870 

0*17680 

2 

16*69 

100*00 

636*6 

0*0863 

0*17506 

8 

10*43 

100*104 

636*6 

0*0876 

0*17926 

Mean. 

0*17904 
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These, it is seen, afford a resalt above that theoretically assigned to 
air at constant volume (0'1684). They differ too somewhat from some 
experiments made by the first-described method, are somewhat lower 
than their mean, bat the consistency displayed throughout in the 
thirteen experiments given, especially iu Tables I and II, leads me to 
give these numbers as probably a close approximation to the true 
value. One point is at any rate brought out clearly, that is, that the 
surmise that the spocific heat of a gas at constant volume was a quan¬ 
tity independent of pressure—a surmise based partly on the constancy 
of the specific heat at constant pressure—would appear to be correct. 
The values in the three tables, calculated simply on the weights of 
gas dealt with in each sot of experiments, show results quite inde¬ 
pendent of the great variations of pressure and density obtaining, 
the weight of condensation simply falling off with the decrease in the 
weight of gas, till in the third table w is beginning to feel the errors 
incidental to the considerable mass of the spheres and to give more 
variable results. I have prepared very thin light spheres with a view to 
continue the experiments to lower pressures with loss danger of error. 

The cause of the excess in the value obtained above the theoretical 
is not apparent, especially in viow of the independence of pressure 
displayed. The experiments embodied in the three tables were made 
indeed upon the one sample of air—some being liberated after the 
first five experiments, and so on—but this had been dried through 
three calcium chloride tubes and two large U-tubes of phosphorus 
pentoxide before passing into the pump. Between the pump and the 
sphere it passed through a brass tube stuffed with asbestos which 
had been previously heated to redness. The object of this is to guard 
against oil being carried from the pump into the sphere. 

My first determination of the specific heat of air at constant volume 
was effected on the 13th of April of this present year. It was 
made by the method described in the beginning of this note, at a 
pressure somewhat higher than that at which the experiments of 
Table I were effected. This experiment gave as a result the specific 
heat of air to be 0*17565. 

Note. October 18. 

Subsequent more extended experiments have shown me that this 
condition was not absolutely fulfilled. A small reduction of the values 
recorded for the specific heat of air is necessary on this account, but 
insufficient to affect any remarks made in this note. Successive 
experiments ou the empty spheres, I may observe, are sufficiently 
consistent one with another to wazrant the assumption that the values 
recorded by me are not probably affected to the extent of one per 
oent. tqr errors on the calorific capacities of the spheres. 
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II. “Report of Researches on Silicon Compounds and their 
Derivatives. Part I.” By J. Emerson Reynolds, M.D., 
F.R.S., Professor of Chemistry, University of Dublin. 
Received September 27,1888. 

The present investigation was undertaken some years ago with a 
view to examine the action of the silicon haloids—but more especially 
of silicon tetrabromide—on various compounds containing nitrogen, an 
our knowledge of the relations of silicon and nitrogen is extremely 
limited. 

It was ascertained at an early stage of the inquiry that the bromide 
of silicon is much superior to the chloride as a reagent with nitro- 
genised compounds, but since the bromide had apparently not been 
obtained in any quantity even by its discoverer, Serullas, considerable 
time had to l>o devoted to working out a method for the production 
of a sufficiently large supply of this material. 

In the purification of the crude tetrabromido a new ehhrobromide * of 
silicon was discovered, which boils at 141° C. This proved to be tho 
compound SiClBr s , which was required to complete the series of 
possible chlorobromides of silicon. 

The first group of nitrogen compounds subjected to tho action of 
silicon tetrabromide inoluded the primary thiocarbamide or sulphur 
urea, obtained by the author in 18<39, and the allyl-, phenyl-, and 
diphenyl-thiocarbam ides. 

All these are shown to unite with silicon tetrabromide and afford 
the highly condensed compounds— 

(H 4 N s CS) 8 SiBr v 

(C 8 H 6 ,H s N # CS) 8 SiBr„ 

(C a H s ,H s N 8 CS) 8 SiBr 4 , 

((C 4 H,) 3 H # N,OS) 8 SiBr 4 . 


These are more or lera vitreous solids, with tho exception of thr 
allylio compound, which is a transparent and singularly viscous 
liquid. All are dissolved and decomposed by water and by alcohol. 

The action -of alcohol on the compound (H 4 N 9 CS) 8 SiBr 4 , was 
studied in detail, and it is shown that not only do ethyl bromide, 
thiocyanate, and diethylio silicate result, but that the representatives 
of two new classes of thiocarbamide derivatives are formed. 

* The chlorine required for the production of this compound was derived from 
the crude bromine (which always contains chloride of bromine) used in preparing 
the tetrabromide. 
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The first of these is a beautiful tetrathiocarbamide compound, whose 
formula proved to be 

(H 6 N 8 CS) 4 NBr, 

which may obviously be written 

(H 4 N 8 CS) 4 H 4 NBr. 

This body separates from alcohol iu fine masses of crystals resembling 
sea anemones in appearance, which melt at 173—174°, and begin to 
decompose at 178—180°. The synthesis of this substance was 
effected by heating ammonium bromide witli thioearbamide. 

Several homologues of the above tetrathiocarbamidammonium bro¬ 
mide were produced by synthetic methods; some of these contain 
chlorine or iodine instead of bromine.. The following are examples of 
the compounds formed in the course of this part of the iuvestiga* 
tion:— 

( H 4 N g CS) 4 H 4 NBr, 

(H 4 N 8 CS) 4 H 4 NC1, 

(H 4 N 8 CS) 4 H 4 NI, 

(H 4 N 8 CS) 4 (CH 3 )H 3 NBr l 

(H 4 N 8 CS) 4 (C 8 H*) 9 H a NBr, 

(H 4 N 8 CS) 4 (C 8 H 6 ) 3 HNC1. 

By the action of silver nitrate on the tetrathiocarbamidammonium 
bromide the crystalline dithiocarbamtde compound with silver bromide 
was obtained— 

(H^CSJgAgBr. 

This was subsequently produced by the direct union of thiooarbamide 
with the pure silver haloid. The compound— 

(H 4 N fl CS) 8 AgCl 

was also obtained in fine crystals, as were other similar substances. 

A trithiocarbamide compound is also formed during the action of 
ethyl aloohol on (B^NgCS^SiBr^ but it is much more soluble than 
that which first separates. It is also crystalline, and its analysis 
and reactions lead to the formula— 

(H|N|CS) 3 Br,C 8 H|Br. 

Hitherto only mono* and di-thiocarbamido derivatives have been 
known; but the results above stated in outline prove that tri- and 
tetra*thioearbamide compounds are formed in presence of silicon 
tetrabromide and certain other agents, which latter form addition 
products with the condensed amide. 
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So far, oases were only dealt with in which silicon tetrabromide 
combined with nitrogenised groups without loss of its halogen. The 
next stage of the inquiry involved the investigation of certain inter¬ 
actions in which the tetrabromide loses all its halogen. One of the 
chief results obtained in that direction forms the subject of a sepa¬ 
rate communication which accompanies this Report. 


Ill, * Preliminary Note on a Silico-organie Compound of a New 
Type” By J. Emerson Betnolds, M.D., F.R.S., Professor 
of Chemistry, University of Dublin. Keeeived September 
27, 1888. 

The subject of this note is a fine crystalline substance, and is the 
first well-defined compound yet known iu which we have reason 
to believe that silicon is in direct and exclusive union with the 
nitrogen of anodic groups. Its analysis and mode of formation lead 
to the conclusion that it is silicotetraphenylamide, 


This body is produced when silicon tetrabromide (or the tetra¬ 
chloride) is added to excess of aniline, diluted with three or four 
volumes of benzene. Aniline hydrobromate (or hydrochlorate) is a 
secondary product of interaction and separates, being insoluble in 
benzene. If aniline be in excess throughout the operation, the whole 
of the halogen precipitates as aniline salt, and there remains in 
solution impure silicotetraphenylamide. If auiline he not in excess, a 
bromo-compound is obtained analogous to Harden's rather ill*defined 
chlorinated product. 

Distillation from a water-bath readily removes benzene from the 
solution, and a liquid remains which solidifies after some time to a 
yellowish mass. The latter dissolves in warm carbon disulphide 
leaving a residue containing some thiocarhauilido, and cautious evapo¬ 
ration of the solution leads to the separation of magnificent crystals of 
the silicon compound. These form chiefly at the surface of the liquid, 
as they are specifically lighter than the solution. 

When twice recrystallised from carbon disulphide, the substance is 
obtained in a state of purity.* 

* A luge quantity wm prepared in June laet, and about 60 grams of the pure 
compound were exhibited on September 11th, in Seotdou B, during the meeting 
of the British Am soeiation at Bath. 


NHC«H fl 

a .^NHC,H, 
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The crystals of silicotetraphenylamide are perfectly odourless short 
prisms of considerable size. They melt at 136—137° to a transparent 
liquid, which can be heated to 210° without decomposition. On 
cooling this liquid solidifies to a transparent glass which, like the 
original crystals, can be easily decomposed by water. 

If silicotetraphenylamide be heated under diminished pressure 
(about 80 mm.), it affords a distillate of aniline, and leaves a residue 
which seems to be the silicon analogue of carbodiphenylimide ; but 
the latter has not yet been completely analysed. 

The detailed investigation of the new substance and its derivatives 
is in active progress, and promises to throw light on the hitherto 
obscure relations of silicon and nitrogen. 

I have reason to believe that the homologues of aniline, and certain 
other analogous nitrogen compounds, act like excess of aniline on the 
silicon haloids, and produce substances similar to the subject of this 
note. These reactions are also being investigated in my laboratory. 


IV. “ On the Magnetisation of Iron and other Magnetic Metals 
in very strong Fields.” By J. A. Ewing, B.Sc., F.R.S., 
Professor of Engineering in University College, Dundee, 
and William Low. Received October 29, 1888. 

(Abstract.) 

Early in 1887 the authors communicated to tho Royal Society the 
results of experiments made by subjecting iron to strong magnetic 
force by placing the sample, in the form of a bobbin with a short 
narrow neck and conical ends, between the pole-pieces of an electro¬ 
magnet. The experiments have been continued and extended by 
using much stronger magnetic forces and by testing samples of nickel, 
oobalt, and various steels, as well as wrought iron and oast iron. The 
large magnet of the Edinburgh University Laboratory, kindly lent 
by Professor Tait, was used throughout the experiments, and allowed 
the authors to effect a high concentration of the magnetic force by 
using bobbins the necks of which had a cross-sectional area of (in some 
cases) only -j-jVa of the cross-sectional area of the magnet cores. By 
this means the induction $ was raised to the following extreme 


values:— * 

In wrought iron . 45,350 c.g.s. 

„ cast iron . 31,760 „ 

„ Bessemer steel. 39,880 „ 

„ Vickers’ tool steel . 85,820 „ 

„ Hadfield’s manganese steel.... 14,790 „ 

„ nickel..... 21,070 „ 

„ cohalt... 80,210 „ 
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The induction wm measured by means of a coil consisting of a 
single layer of very fine wire wound upon the central neck of the 
bobbin. Outside of this coil, at a definite distanoe from it, a second 
coil was wound, and the magnetic force was determined in the annular 
space botween the two. In a paper communicated to the Manchester 
meeting of the British Association, the authors showed that if tho 
force so measured could be proved to have the same value us the 
magnetic force within tho metal neck itself, it would follow that 
the intensity of magnetism | had begun to diminish under the 
action of excessively strong fields, in the manner which Maxwell's 
extension of tho Weber-Ampere theory of molecular magnets antici¬ 
pates. In the present paper tho authors discuss at somo length the 
question of how far the magnetic force within tho metal is fairly 
measurable by the magnetic force in tho ring of surronnding air, and 
they show that with the form of cones originally used the force 
within the metal must have been less than the force outside, by an 
amount probably sufficient to explain the apparent decrease of J. 
The form of cone suited to give a uniform field of force with sensibly 
the same value in the metal neck and round it is investigated ; and 
experiments are described in which the condition necessary for a 
uniform field was satisfied. The results of these experiments are 
conclusive in showing that no considerable change takes plooe in the 
value of |J (in wrought iron) when the magnetic force is varied from 
about 2000 to 20000 e.g.s. units. Throughout this range of force, the 
intensity of magnotism has a sensibly constant value of about 1700 c.g.s. 
units, which is to be accepted as the saturation value for wrought 
iron. The term saturation may be proporly applied in speaking of 
the intensity of magnotism, but there appears to be no limit to the 
degree to which the magnetic induction may be raised. 

To produce the greatest concentration of force upon tho central 
neck, the converging pole faces should have the form of cones, with 
a common vertex in the middle of tho neck, and with a semi-vertical 
angle of 54* 44 / . This form, however, does not give a uniform field 
in the neighbourhood of the vertex. To secure that, the condition is 
that <PF Idy*, and d*F/tfs 9 shall vanish, F being the magnetic 

force at the vertex, which is due mainly to the free magnetism 
distributed over the pole faces. The condition for a uniform field is 
satisfied when the cones have a semi-vertical angle of 39° 14'. When 
this form is given to the cones, the magnetic force in the air im¬ 
mediately surrounding the central neck may be taken as sensibly 
equal to the force within the neck, and it therefore becomes practic¬ 
able to measure the relation of the induction to the force producing 
it, that is to say, the magnetic permeability. 

The greatest attainable concentration may be calculated by assum¬ 
ing the pole faces to be saturated, when the cones are Buch as to 
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hare maximum concentrative power (semi«vertical angle as 54° 44'). 
Under these oircumstanoes the magnetic force at the vertex due to 
the free magnetism on the conical faces is— 

18,930 toftoi, 

(l 

where b is the diameter of the poles at the base of the cones, and 
a the diameter of the central neck. 

The following are probable values of the intensity of magnetism 
when saturation is reached in the particular metals examined:— 

Saturation 
value of J. 


Wrought iron . 1700 

Cast iron . 1240 

Nickel (with 0 75 per cent, of iron) .... 515 

Nickel (with 0‘56 per cent, of iron) .... 400 

Cobalt (with 1*66 per cent, of iron) .... 1300 


Experiments were also made with specimens of Vickers* tool steel, 
and other crucible steels, Whitworth’s fluid-compressed steel, Bessemer 
steel, Siemens steel, and Hadflold’s manganese steel. This last 
matorial, which is noted for its extraordinary impermeability to mag¬ 
netic induction, was found to have a constant permeability of about 
1*4 throughout the range of forces Applied to it, namely, from 2000 
to nearly 10,000 o.g.s. 

The results are exhibited graphically by curves drawn in Howland's 
manner to show the relation of the permeability to the magnetio 
induction. In the highest field examined, the permeability of wrought 
iron had fallen to about 2. 


V. “The Waves on a rotating Liquid Spheroid of finite 
Ellipticity.” By Q. H. Bryan, B.A. Communicated by 
Professor G. H. Darwin. Received November 6,1888. 

(Abstract.) 

The hydrodynamioal problem of finding the waves or oscillations 
on a gravitating mass of liquid which when undisturbed is rotating 
as if rigid with finite angular velocity in the form of an ellipsoid or 
spheroid, was first successfully attacked by M. Poiuoari in 1885. 

In his important memoir “ Sor 1'tiquilibre 4 d'une Masse fluide 
anim6e d’nn Mouvement de Rotation,”* Foinoari has (§ 13) obtained 
the differential equations for the oscillations of rotating liquid, and 
* 4 Acts Mathematics,' tol. 7. 
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shown that by a transformation of projection! the determination of 
the oscillations of any particular period is reducible to finding a suit¬ 
able solution of Laplooe's equation. 

He then applies Lam6’B functions to the oase of the ellipsoid, show¬ 
ing that the differential equations are satisfied by a series of Lamp's 
functions referred to a certain auxiliary ellipsoid; the boundary con¬ 
ditions, however, involving ellipsoidal harmonics referred to both the 
auxiliary and actual fluid ellipsoids. At the satne time, Poincare's 
analysis does not appear to admit of any definite conclusions being 
formed as to the nature and frequencies of the various periodic frao 
waves. 

The present paper contains an application of Poincare's methods to 
the simpler case when the fluid ellipsoid is one of revolution 
(Maclaurin’s spheroid). The solution is effected by the use of the 
ordinary tessera! or zonal harmonics applicable to the fluid spheroid 
and the auxiliary spheroid required in solving the differential equa¬ 
tion. The problem is thus freed from the difficulties attending the 
use of Lamp's functions, and is farther simplified by the fact that 
each independent solution contains harmonics of only one particular 
degree and rank. 

By substituting in the conditions to be satisfied at the surface of 
the spheroid, we arrive at a single boundary equation. If we are 
treating the forced tides due to a known periodic disturbing force, 
this equation determines their amplitude, and henoe, the elevation of 
the tide above the mean surface of the spheroid at any point at any 
time. If there be no disturbing force it determines the frequencies 
of the various free waves determined by harmonics of given order 
and rank. Denoting by * the ratio of the frequency of the free waves 
to twice the frequency of rotation of the liquid about its axis, the 
values of * are the roots of a rational algebraic equation, and depend 
only on the eooentrioity of the spheroid as well as the degree and 
rank of the harmonic, while the number of different free waves de¬ 
pends on the degree of the equation in «. At any instant the height 
of the disturbance at any point of the surface is proportional to the 
corresponding surface harmonic on the spheroid multiplied by the 
central perpendicular on the tangent plane, and is of the same form 
for all waves determined by harmonics of any given degree and rank, 
whatever be their frequency, but the motions of the fluid particles in 
the interior will differ in nature in every oase. 

Taking first the case of tonal harmonics of the nth degree, we find 
that according as p is even or odd there will be or £(n 4- 1), 
different periodic motions of the liquid. These are essentially oscil¬ 
latory in character, and symmetrical about the axis of the spheroid. In 
all but one of these the value of * is essentially less than unity, that is, 
the period is greater than the time of a semi-revolution of the liquid. 
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Taking next the tessera! harmonics of degree n and rank «, we find 
that they determine n — e + 2 periodio small motions. These are 
essentially tidal waves rotating with various angular velocities about the 
axis of the spheroid, the angular velocities of those rotating in opposite 
directions being in general different. All but two of the values of c are 
numerically less than unity, the periods of the corresponding tides at 
a point fixed relatively to the liquid being greater than the time of a 
semi-revolution of the mass. 

The moan angular velocity of these » — $ + 2 waves is less than 
that of rotation of the mass by 2/{s(» — s + 2)} of the latter. 

In the two waves determined by any sectorial harmonic, the relative 
motion of the liquid particles is irrotational. The harmonics of 
degree 2 and rank 1 give rise to a kind of precession, of which there 
are two. 

I have calculated the relative frequencies of several of the principal 
waves on a spheroid whose eccentricity is 1/ </2, 

The question of stability is next dealt with, it being shown that in 
the present problem, in which the liquid forming the spheroid is sup¬ 
posed perfect, the criteria are entirely different from the conditions 
of secular stability obtained by Poincard for the oase when the liquid 
possesses any amount of viscosity, which latter depend on the energy 
being a minimum. In fact for a disturbance initially determined by 
any harmonic (pi*ovided that it is symmetrical with respeot to the 
equatorial piano, since for unsymmetrical displacements the spheroid 
cannot be unstable), the limits of eocontrioity consistent with stability 
are wider for a perfect liquid spheroid than for one possessing any 
viscosity. If we assume that the disturbed surface initially becomes 
ellipsoidal, the conditions of stability found by the methods of this 
paper agree with those of Biemaun. 

The case when the ellipticity, and therefore the angular velocity 
are very small is next discussed, it being shown that all but two of 
the waves, or all but one of the oscillations for any particular har¬ 
monic become unimportant, their periods increasing indefinitely. 

In the case of those whose periods remain finite for a non-rotating 
spherical mass, the effeot of a small angular velooity u of the liqnid 
is to cause them to turn round the axis with a velocity less than that 
of the liquid by w/n. 

Finally the methods of treating forced tides are farther discussed. 

The general oases of a “ semi-diurnal ** forced tide or of permanent 
deformations due to constant disturbing forces are mentioned in con¬ 
nexion with some peculiarities they present, and the paper concludes 
with examples of the determination of the forced tides due to the 
presence of an attracting mass, first when the latter moves in any 
orbit about the spheroid, secondly when it rotates uniformly about the 
spheroid in its equatorial plane. 
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The effects of Bach a body in destroying the equilibrium of the 
spheroid when the forced tide coincides with one of the free tides 
form the conclusion of this paper. 


Presents , November 22,1888. 
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November 30, 1888. 
ANNIVERSARY MEETING. 


Professor G. G. STOKES, D.C.L., President, in the Chair. 


The Report of the Auditors of the Treasurer’s Accounts on the 
part of the Society was presented, by which it appears that the total 
receipts during the past year, including balances carried from the 
preceding year, amounted to £25,125 18*. 6Jd. on the General Account, 
and £17,884 0*. Id, on account of Trust Funds, and that the total 
expenditure in the same period, including purchase of stock, amounted 
to £26,079 0*. Ojd. on the General Account, and £15,77114*. 6d. on 
acoount of Trust Funds, leaving on the General Account an overdrawn 
balance of £953 1*. 6d., less £22 2*. lid. petty cash in hand, and on 
account of Trust Funds a balance at the Bankers' of £2,112 6*. Id. 

* 

The (hank, of the Society were voted to tho Treasurer and Auditors. 

The Secretary then read the following Lists:— 

Fellows deceased since the last Anniversary (Nov. 30,1887). 


On the Home Litt. 


Borrows, Sir George, Bart., 
M.D. 

Campbell-Johns ton, Alexander 

Robert. 

Carling, Thomas B lizard, 
F.R.C.S. 

Fane, Arthur, M.D. 

Franfoia de Chanmont, Francis 
Stephen Bennet, M.D. 

Frere, George Edward. 

Godwin, George, F.SJL 
Geese, Philip Henry. 


Greenbow, Edward Headlam, 
M.D. 

Grioss, John Peter, F.C.S. 
Hoskins, Samuel Elliott, M.D. 
Key, Sir Astley Cooper, Admiral, 
G.C.B. 

Maine, Sir Henry Stunner, 
K.C.S.I. 

Morgan, Octavios S., M.A. 
Spratt, Thomas Abel Brim age, 
Vice-Admiral, C.B. 

Stewart, Balfour, M.A. 
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On the Foreign Lift. 

Clausius, Rudolph Julius Emma- I De Bary, Anton, 
nuel. I Gray, Asa. 


Fellows elected since the last Anniversary. 


Andrews, Thomas, F.R.S.E. 
Balfour, Right Hon, Arthur 
James. 

Bottoraley, James Thomson, M.A. 
Boys, Charles Vernon. 

Church, Arthur Herbert, M.A. 
Clarke, Alexander Ross, Colonel, 
R.E. 

Greenhill, Prof. Alfred George, 
M.A, 

Jorvois, Sir William F. D., Lieut.- 
General R.E. 

Lapworth, Professor Charles, 


Macdonald, Right Qon. John 
Hay Athole. 

Parker, Professor T. Jeffery, 
Poynting, Professor John Henry, 
M.A. 

Ramsay, Prof. William, Ph.D. 
Sudoley, Charles Douglas Rich¬ 
ard Hanbury-Tracy, Lord. 
Teale, Thomas Pridgin, F.R.C.S. 
Topley, William, F.G.S. 

Trimen, Homy, M.B. 

Ward, Professor Henry Marshall, 
M.A. 

White, William Henry, M.LC.E. 


LL.D. 

On the Foreign List . 

Beoqnerel, Edmond. I Pfliiger, Eduard F. W. 

Eopp, Hermann. | Sachs, Julius. 


The President then addressed the Society as follows:— 

• 

In the month which intervened between our last anniversary and the 
end of the year, the Society lost four of its Fellows. In addressing 
the Fellows last year, I referred to the loss which science had sus¬ 
tained through the death of the illustrious Kirohhoff, and before 
three weeks were out, one followed him to the grave whoso researches 
on the connexion between the emission and absorption of radiant heat 
and light were closely akin to those of Kirchhoff. I refer to Balfour 
Stewart, who, shortly after landing in Ireland, whither he had gone 
to spend the Christmas with his family, was suddenly carried off after 
only a few hours' illness, shortly after he had entered on his sixtieth 
year. His name is widely known on account of his scientific work 
in heat, magnetism, and solar physics. He has been a member of the 
Council, and the Rumford Medal of the Society was awarded to him 
for the particular research to which I alluded at the outset. The 
other three of our ordinary Fellows who died before the month was 
out were all far advanced in years. Two of them were eminent in 
the medical world, Sir George Burrows aud Dr. Arthur For re, both of 
whom served on our Council. Early in the year we lost one of one 
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Fellows, who, while not a man of science, was eminent in literature 
and jurisprudence. While our ranks are mainly recruited from men 
of soience, we gladly welcome among us men who, like Sir Henry 
Sumner Maine, have proved their ability and earned their distinction 
in other branches of knowledge, whose connexion with ns we look on 
Us honourable to the Society, while, as the very fact of thoir joining 
us shows, they regard the Fellowship as honourable to themselves. 
Admiral Sir Cooper Key, who was highly distinguished as a naval 
officer, and was at one time Director of the Royal Naval College at 
Greenwich, was another who served on tho Council. Philip Henry 
Gosse, who died at an advanced age, is well known for his charming 
popular works on natural history. These are some of the Fellows on 
the home list who died since the last anniversary; but, besides these, 
we have lost no less than three of our foreign members. Professor 
Anton de B&ry, bo well known for his researches on the cryptogams, 
and the eminent naturalist, Professor Asa Gray, who not very long 
ago was over in this country, both died in January. Comparatively 
recently we have lost Professor Clausius, so eminent as a physicist, 
especially in the department of thermodynamics. 

The year of the Society, which terminates to-day, has shown no 
flagging in scientific activity. Since the last anniversary, thirty-three 
memoirs have been published in the 4 Philosophical Transactions,’ con¬ 
taining a total of 1,010 pages and 91 plates. Of the ( Proceedings,’ 
nineteen numbers have been issued, containing 1,008 pages and 17 
plates. In addition to this, a Monograph of the Horny Sponges, 
by Dr. R. von Lendenfeld, which was accepted for publication by the 
Council, and which when completed will extend to about 1,000 pages, 
is now nearly through the press. 

A large amount of work connected with the Library has been done 
since the last anniversary. A special effort has been made to com¬ 
plete imperfect series of scientific periodicals, and by means of 
exchange, or by tho generosity of onr corresponding Societies, some 
hundreds of deficient numbers have been obtained. The Lists of 
Institutions entitled to receive gratis the 1 Philosophies! Transactions 9 
and 4 Proceedings ’ have also been carefully revised by the Library 
Committee. 

In December last, Mr. Arthur Soper was engaged as a special 
Assistant to continue the formation of the Shelf-Catalogue, and the 
revision of the Catalogue of MSS., and for other work. The Shelf- 
Catalogue of the Upper Library is uow completed—a work involving 
the re-arrangement or removal to the lower storeys of several thou¬ 
sands of volumes. Considerable progress has been made in collating 
and cataloguing the Archives and other manusoripts belonging to the 
Society, and an instalment of slips have been written towards a 
Catalogue of the Miscellaneous Literature in the Library. 

JTOIi. XLV, H 



50* A nnivereary Meeting, [Nov. 80, 

In the course of this work many duplicate scientific books, and 
literary works of little yalne to the Society, have been thrown out, 
and these have been presented, by order of the Council, to the 
libraries of the Universities and some of the chief Scientific Societies. 

The cataloguing of the titles of scientific papers for the decade 
1874 to 1883 is now complete, and the work » ready for the press. 
The amount of matter is estimated to require, if printed, three quarto 
volumes of the usual size. The extraction of the titles, the preparation 
of the work for the press, and the correction of the proofs of this 
work, which is really of international importance, have all along been 
done at the sole charge of the Royal Society; bnt the printing of the 
volumes which have already been published has been done at the 
Stationery Office, by authority of the Lords of the Treasury, and the 
proceeds of the sale have been paid in to the Treasury. The Council 
have applied to the Lords Commissioners of Her Majesty's Treasury 
to sanction the printing of the last decade in a similar manner, and it 
is hoped that the application may be favourably entertained. 

In the year 1882 a change was made in the amount and mode of 
administration of the Grant, which for a considerable time before had 
been voted annnally by Parliament for scientific research. Since 
that year the annual grant has been one of £4,000, which has been 
administered by the former Government Grant Committee, with the 
addition of certain ex-officio members, mostly the Presidents of certain 
scientific Societies. Meetings of this large Committee, consisting 
usually of about 50 members, have been held twice a year, the 
various applications for aid from the Grant to enable the applicant to 
carry out investigations explained by him having been previously 
discussed in meetings of three, or latterly two, Sub-Committees, into 
which the whole Committee was divided, and then been submitted 
to the General Committee for confirmation or modification. 

In the discussion of these Grants, the Government received the 
benefit of the gratuitous services of a large number of men of the 
highest distinction in science. In the large Sub-Committees, how¬ 
ever, it necessarily happened that of the members present only a 
fraction would be likely to be conversant with the partionlar branch, 
of science to which any particular application belonged; and the 
Council thought that the time of the members might ho economised, 
and at the same time a more efficient discussion of the Grants secured, 
by arranging the applications under a number of sub-divisiona, and 
assigning the discussion of these to a corresponding number of Boards 
formed out of the General Committee. It was thought that a good 
deal of the discussion of the applications in the several branches 
might be carried on by correspondence among the members of the 
respective Boards, so that one or two meetings of each Board might 
suffice. If some trouble were thus saved to the members of thfr 
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Committee in regard to f personal attendance at long meetings, there 
would probably be more expenditure of time in the way of corres¬ 
pondence, and it was thought that one meeting of the General 
Committee in the year would in most cases suffice. To meet pressing 
oases in the interval, it was suggested that a limited sum might be 
placed by the General Committee at the disposal of the Counoil of 
the Royal Society* There are fnrther provisions for forming a 
reserve fund of not more than £2,000 to meet special objects involv¬ 
ing unusnal expenditure, and for holdingrin reserve out of the money 
available for any one year enongh to meet annual grants of limited 
amonnt made for a period not exceeding three years, the future grants 
being contingent on the reoeipt by the Committee of satisfactory 
evidence of progress in the inquiry. The new regulations, of which 
l have merely given a slight sketch, have been communicated to the 
Treasury, and will come into operation next year. 

The Krakatoa Committee have now completed their work, and the 
volume which is the outcome of their labours is in the hands of the 
public. It has been favourably noticed in more than one quarter. 
The Society is much indebted to those Fellows and other gentlemen 
who discussed and reported on the different subjects into which the 
whole inquiry was divided, and to Mr. Symons, who was the first 
to propose that the materials should be collected, and to whose 
unwearied labour as Chairman of the Committee, director of the 
correspondence, and editor of the volume, the successful accomplish¬ 
ment of the undertaking is largely due. A comprehensive and 
digested account of that extraordinary volcanio explosion, remarkable 
both for its magnitude and the striking disturbances and other 
phenomena attending or following it, is now placed within easy 
reach of the ordinary reader, and will go down to posterity, whereas, 
had the various accounts remained in their isolated form, they would 
many of them have perished, and the remainder could not have 
been brought together without a most laborious search. It must be a 
great satisfaction to my predecessor in this chair to remember that 
he urged upon the Council the importance of collecting the facts 
before the materials should have become dissipated, and while the 
freshness of men’s recollection of the event kept up a lively interest 
in all that belonged to it. 

* The Royal Society is in possession of some important standards for 
the safe keeping of which we are responsible. Parliamentary copies 
of the standard yard and standard pound have been entrusted to our 
custody; and we have also a standard measure of length known as 
Sir George Schuckburgh's scale, with reference to which the length of 
the seconds’ pendulum for Greenwich has been determined by Kater 
and Sabine* This length, as determined by experiment, has been 
with reference to the interval from the 0 to the 39 and 

x 2 
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40-inch graduations on the scale; but no exact comparison has 
hitherto been made between the length of this portion of the scale and 
the national yard, and such a comparison is no easy matter. It 
happens that Commandant Deforges has been engaged in determining 
the length of the seconds' pendulum at Greenwich with reference to 
the French standard metre; and just before his return to Paris he 
came to our meeting, ami offered to take charge of tho scale, bring 
it with him to Paris, and there determine the length of the part of 
the scale uned by Kater and Sabine with reference to the metro, for 
doing which he has all the requisite appliances ; and as we know the 
ratio of the metre to the yard, the length of the seconds' pendulum as 
determined by Kater and Sabine would thus be known accurately 
with reference to the standard yard. It seemed to me that so im¬ 
portant a scale should hardly be sent away, even though in the care 
of so experienced a physicist, without the authority of the Council, 
and without an outer case being made for its box, which there was 
not time to get ready. The authority of the Council has Binoe been 
obtained, aud it fortunately happens that one of the Assistants at the 
Greenwich Observatory is going to Paris, who will take charge of 
the scale. Thus by the kind proposal of Commandant Deforges, we 
may shortly hope to have an authentic comparison of the length of 
the seconds’ pendulum as measured by Kater and Sabine with the 
standard English yard. 

At the time of the anniversary last year, some of the reports of the 
observers who went to Grenada to observe the Total Solar Eclipse of 
August, 1886, bad been sent in, and I mentioned that it seemed 
desirable, for convenience of reference at a future time, that the 
different reports Bhould oome out together, instead of being published 
in a scattered form, provided at least that the waiting for the later 
reports should not cause too much delay. I regret to say that the 
completion of the reports has been delayed in part by the illness of 
one of the observers, but I have every hope that they will all be in by 
Christmas, and 1 do not anticipate that any long time will elapse 
before they will be in some form in the hands of the public. 

The time iB well within our recollection when the occurrence of 
the solar prominences seen in total eolipses first attracted the atten¬ 
tion of astronomers, and when, for observations bearing on their 
nature, we had to wait for the rare and brief glimpses which, clouds 
permitting, were afforded by total eclipses. Now, however, thanks 
to the method of observation devised independently by Lookyer and 
Janssen, they may be studied at any time. It would obviously be a 
great advantage if a similar study oould be made of the'corona; for 
though we cannot expect to obtain a picture of it equal to that which 
may be got during a total eclipse, yet if a fairly good picture could be 
obtained from time to time, we might thereby be enabled to ham 
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more about the history of its changes than could be got by observa¬ 
tions extending over a lifetime if restricted to total eclipses. Some 
observations were made during the partial phases of the last total 
eclipse with the view of throwing light on the prospect of success. 
Notwithstanding the unpromising nature of the results obtained, 
I have reason for hoping that the desired object may yet bo accom¬ 
plished. 

In addressing yon last year, that year which will be memorable as 
the J ubilee of the reign of our beloved Sovereign, I alluded briefly to 
the progress which science had made in the last half century, and 
ventured to indicate one or two directions in which it Reemed to me 
possible that a very great addition to our physical knowledge might 
some day be reached. I will not to-day venture to look so for ahead; 
hut the mention of a total eclipse loads tne to refer to some theories 
now before the scientific world which are likely to undergo full 
discussion and further examination in the near future, with the 
probable result of a pretty general agreement as to their acceptance 
or rejection. 

It is now many years since Dr. Huggins discovered the peculiar 
character of the spectra of the nebulae, spectra which he found to 
consist mainly of bright lines, indicating that what we see is an 
incandescent gas. The natural supposition to make at the time was 
that those distant masses of matter consisted of incandescent gas, of 
which the luminosity was in some way kept up, probably as a result 
of condensation. But the researches of Mr. Ijockyer, as described by 
him in the Bakerian lecture which he delivered last spring, and in 
part in a previous paper communicated shortly before the last 
anniversary, have led him to take a different view of the constitution 
of nebulm. According to the theory advanced by him, the mass of 
a nebula consists mainly of meteorites, which are constantly coming 
into collision here and there; and the glowing gas the existence of 
which the spectroscope reveals, is merely a portion of the matter, 
volatilised by the heat of collision. According to the former view 
therefore, the nebula consists of glowing gas, not yet condensed into 
a solid or liquid form, possibly in a condition even more elomentary 
than that of the so-called elements that we know on earth; accord¬ 
ing to the latter it consists mainly of discrete portions of solid matter, 
and the glowing gas does not consist of the same matter perma- 
nently glowing, but is continually supplied afresh by fresh collisions. 

A similar theory is applied to explain the self-luminosity of the 
nucleus, and sometimes the very root of the tail, of comets. A comet 
is Regarded as a swarm of meteorites, moving in orbits not greatly 
differing from one another; and as the swarm approaches the sun 
Collisions beoome more frequent, and individually more potent, from 
an increase in the velocities differential as well as absolute; and 
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a portion of matter is volatilised and rendered incandescent* As to 
the tail, the theory long ago suggested by Sir John Herschel has 
always seemed to me by far the most probable of those that have 
been advanced, namely, that it is due to the propulsion of excessively 
attenuated matter, owing to a repulsive force, probably of electrical 
origin, emanating from tho snn. This view seems to be adopted both 
by Mr. Ijockyer and l)r. Huggins; and the latter gentleman in an 
earlier Bukerian lecture has suggested a new theory of the corona— 
the corona as distinguished from the prominences—namely, that it is 
projected from the sun by molar forces due to the tremendous state 
of turmoil, in which we have very strong reason for believing that 
the matter composing the sun exists, but of matter actually propelled 
from the sun by a repulsive force in the manner of the tails of comets. 

Daring as some of these speculations may appear to be, there soems 
a great deal to recommend them, and the whole subject is one of 
extreme interest at the present day. 

But I must not take up your time longer by dwelling on so 
special a subject; I proceed to matters more particularly connected 
with the occasion on which we are assembled. 

The Council have awarded the Copley Medal of the year to my 
predecessor in this chair, Mr. Huxley, for his investigations on the 
morphology and histology of vertebrate and invertebrate animals, and 
for his services to biological science in general during many past 
years. These subjects He so entirely out of the range of my own 
studies that 1 need hardly say that in attempting to give some idea of 
the more salient features of his investigations 1 am dependent upon 
the kindness of biological friends. 

Daring the fifteen or twenty years which preceded the publication 
of Darwin's famous work, the ‘Origin of Species,’ the views and 
methods of comparative anatomists underwent a most marked change. 
Without that change biologists would have been far less prepared to 
accept Mr. Darwin's work, and, what is even more important, would 
have been unprepared to make use of that work as a light enabling 
them to carry on the remarkable researches which have so brilliantly 
characterised the progress of biology during the lost quarter of a cen¬ 
tury. That change w&b effected chiefly by the labours first of Johannes 
Muller, and subsequently of Huxley in this country, and of Gegenbaur 
in Germany. The labours of these men opened out the right road of 
morphological inquiry. It is not, perhaps, too much to say that Mir. 
Huxley's treatment of his subject in his 1 Morphology of Cephaloos 
Molluscs' was to many young morphologists little short of a revela¬ 
tion, and all his other works of the same period, such aa that on the 
hydrosoa and on tunicates, and latter still his treatment of the verte¬ 
brate skull and skeleton, and arthropods produced in varying degree 
a like effect* 
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Closely allied to, or rather forming part of, his morphological 
labour* are his numerous pal ©ontological researches, carried out for 
the most part while he was paleontologist to the Geological Surrey, 
researches characterised by the same clear morphological insight, 
researches which hare been as profitable to animal morphology as 
useful to the geologist. The most important are perhaps those on 
the remarkable reptiles of the Elgin Sandstones and on the 
Dinosauria; but many others hare great value, and his Anniversary 
Address to the Geological Society, in 1370, made its mark. 

Though his career has been in the main that of a morphologist, he 
has through the common ground of histology given considerable help 
to physiology. An early paper by him 4 On the Cell-Theory,’ did 
much to clear away erroneous notions concerning the relations of 
structure to the actions of living beings. His article on 4 Togumen- 
tary Organs' was a great step onward as regards both morphology 
and histology, and still remains a classical work; while, by other 
papers and in various ways, he baa contributed to the progress of 
histology and physiology. 

But however important Mr. Huxley’s original contributions to the 
advancement of our scientific knowledge have been, we should form a 
very inadequate idea of his benefits to the cause of science if we did 
not bear in mind also his singular ability and effectiveness as an 
expositor of science to the people, and the powerful influence he has 
exerted in the improvement of the teaching of biology in its widest 
sense in this country. Indeed, it is not too much to say that the 
remarkable improvement which has taken place within the last few 
years must be ascribed either directly or indirectly to hiB influence, 
and has been in many cases due to his initiation. 

The Bumford Medal has been awarded to Professor Pietro Tacchini 
tor important and long-continued investigations, which have largely 
advanced our knowledge of the physics of the sun. 

Professor Tacchini occupies a foremost place among those who hay© 
paid special attention to the physics of the sun. Since 1870 he his 
singly observed, first at Palermo, and afterwards at Romo, the 
solar prominences. The information at our disposal at the present 
time, both as regards their distribution, their spectra, and the changes 
which take plaoe in them, and their connexion with other solar 
phenomena, rests to a large extent upon his individual efforts. His 
memoirs on this subject are very numerous. He has been engaged in 
the observation of four total solar eclipses, and from some of the 
phenomena therein observed has drawn the important conclusion that 
many of the so-called prominences are really descending currents. 

A Royal Medal has been awarded to Sir Ferdinand von Mueller for 
his long services in Australian exploration, and for his investigations 
pf the flora of the Australian continent. 
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For more than forty years von Mueller has been working, without 
intermission, at scientific botany and its practical illustrations. As a 
botanical traveller and collector, be has, to quote the words of Sir 
Joseph Hooker, “ personally explored more of the Australian conti¬ 
nent than any other botanist, except Allan Cunningham.” No one 
has investigated the Australian flora and the geographical distribu¬ 
tion of its components with so much perseverance and success, and 
no one has enriched onr herbaria, laboratories, and gardens with 
materials for study to so great an extent. The eleven volumes of the 
* Fragments Phyfcographi® Australia* contain the descriptions of a 
great scries of new plants, and the unrestricted communication of his 
collections and observations to the late Mr. Bentham rendered 
possible tbe preparation of the ( Flora Australieusis,’ in seven volumes, 
the only acconnt of the vegetation of any large continental area whioh 
has at present been completed. 

He has especially devoted himself to the elucidation of the most 
difficult, though most characteristic groups of the Australian flora; 
and as a result, of his labours iu this direction, his 1 Eucalyptographia ’ 
may bo more particularly mentioned, a work which will always be 
the standard of nomenclature for the intricate genus Eucalyptus . Of 
a similar character are his descriptions and illustrations of the 
4 Myoporineous Plants of Australia,* and his 4 Iconography of the 
Genus Acacia To him is also due the foundation of the Govern¬ 
ment Herbarium at Melbourne, the first great botanical collection 
formed in the southern hemisphere, and the future centre of all 
scientific work on the Australasian flora. 

A Royal Medal has been awarded to Professor Osborne Reynolds 
for his investigations in mathematical and experimental physios, and 
on the application of scientific theory to engineering. 

Professor Reynolds was among the first to refer the repulsion 
exhibited in that remarkable instrument of Mr. Crookes’s, the radio¬ 
meter, to a change in the molecular impact of the rarefied gas 
consequent upon the slight change of temperature of the movable 
body due to the radiation incident upon it; and in an important 
paper published in the 'Philosophical Transactions’ for 1879, he 
deduced from theoretical considerations the conclusion that similar 
phenomena might be expected to be observed in bodies surrounded by 
a gas of comparatively large density, provided their surfaces were 
very Bmall. He verified this anticipation by producing on silk fibres, 
surrounded by hydrogen at tbe atmospheric pressure, impulsions 
similar to those whioh in a high vacuum affect the relatively large 
disks of tbe radiometer. 

In an important paper published in the * Philosophical Transactions' 
for 1888, he has given an account of an investigation, both theoretical 
and experimental, of the circumstances whioh determine whether the 
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motion of water shall be direct or sinuous, or, in other words, regular 
and stable, or else eddying and unstable. The dimensions of the terms 
in the equations of motion of a fluid when viscosity is taken into 
account involve, as had been pointed out, the conditions of dynamical 
similarity in geometrically similar systems iu which the motion is 
regular; bnt when the motion becomes eddying it seemed no longer 
to be amenable to mathematical treatment. But Professor Reynolds 
has shown that the same conditions of similarity hold good, m to the 
average effect, even when the motion is of the eddying kind; and 
moreover that if in one system the motion is on the border between 
steady and eddying, in another system it will also be on the border, 
provided the system satisfies the above conditions of dynamical as 
well as geometrical similarity. This is a matter of great practical 
importance, because the resistance to the flow of water in channels 
and oondnits usually depend mainly on the formation of eddies ; and 
though we cannot determine mathematically the actual resistance, 
yet the application of tho above proposition leads to a formula for the 
flow, in which there is a most material reduction in tho number of 
constants for the determination of which we are obliged to have 
recourse to experiment. 

There are various other investigations of Profossor Reynolds’s 
which time would not allow me to enter into, and I therefore merely 
mention his investigation of the relation between rolling friction and 
the distortion produced by the rolling body on tho surface on which 
it rests, that of the effect of the change of temperaturo with height 
above the surface of the ground on the audibility of sounds and his 
explanation of the effect of lubrication as depending on tho viscosity 
of the lubricant. 

The Davy Medal has been awarded to Mr. Crookes for his investi¬ 
gations on the behaviour of substances under the influence of the 
eleotrio discharge in a high vacuum. 

Mr. Crookes’s remarkable series of researches which conducted him 
to the invention of the radiometer led him to work with excessively 
high vaeua. In connexion with this he found that an eleotrio 
discharge in such vacua is capable of exciting effects of phospho¬ 
rescence apparently quite different iu their origin from those produced 
in the ordinary way by such discharges. The latter are clearly 
referable to the action of the ethereal undulations which are propa¬ 
gated from the seat of the discharge. But the former involve in 
some way the effect of the actual transference of the molecules of 
ponderable matter. These phenomena, in the hands of Mr. Crookes, 
opened np a new means of discrimination between different bodies, 
and he has applied them as a test for the discrimination of groups of 
rare earths, not yet fully investigated. The test went hand in ha&d 
with’ processes of chemical separation. But here a great difficulty 



58 Annib&tary Meeting* [Nov. 80; 

presented itself. So very closely allied in their chemical properties 
are the members of the groups, that it was only by an excessively 
tedious and laborious system of fractional precipitation that Mr. 
Crookes was able to effect a pretty fair separation. Even still, the 
separate existence of some members of the groups is more or less 
problematical. It is for these most painstaking researches that the 
medal has been awarded. 

The existence, or apparent existence, of so many earths of such 
close chemical relationship led Mr. Crookes to speculate on the possi¬ 
bility that after all the molecules of what is deemed a chemical 
element may not be absolutely alike, as chemists have almost 
universally believed, but only very approximately so, and that what 
is deemed the molecular weight of tho substance may really be that 
of the average of its molecules. Should such groups exist, it is 
conceivable that by processes of very delicate chemical separation 
they might be split up again into sub-groups, the molecules of which 
still more nearly match one another; so that according to this view 
the number of groups into which an element, or what is deemed such, 
might be split up, not, be it observed, by any dissociation, but merely 
by a sorting of the molecules which ore very nearly alike, may be 
somewhat indefinite. 

Chemists will not probably be disposed to give up the idea of the 
perfect similarity of the individual molecules of elementary bodies; 
but it is surely legitimate for one who has worked so assiduously at 
these difficult separations to suggest, merely as a matter for chemists 
to think about, a possible view of tho nature of elements different 
from that to which they have been accustomed. 


The Statutes relating to the election of Conncil and Offioem were 
then read, and Sir James Cockle and Professor Riioker having been, 
with the consent of the Society, nominated Scrutators, the votes of 
the Fellows present were taken, and the following were declared duly 
elected as Council and Officers for the ensuing year:— 

President .—Professor George Gabriel Stokes, M.A., D.C.L., LL.D. 

Treasurer .—John Evans, D.C.L., LL.D. 


Secretaries. 


iee.—| 


Professor Michael Foster, M.A., M.D. 
The Lord Rayleigh, M.A., D.C.L. 


Foreign Secretary .—Professor Alexander William Williamson, LL.D, 
Other Members of the Council. 

Professor Henry Edward Armstrong, Ph.D.; Henry Bowman 
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Brady, F.G.S.; Charles Baron Clarke, M.A.; William Huggins, 
D.C.L.; John Whitaker Hnlke, F.R.C.S.; Professor John W. 
Jodd, F.G.S.; Edward Emanuel Klein, M.D.; Professor E. Ray 
Lankester, M.A.; Professor Herbert McLeod, F.I.C.; Sir James 
Paget, Bart., D.C.L.; William Pole, Hub. Doc.; William Henry 
Proeoe, M.I.O.E.; Sir Hemy E. Rosooe, D.C.L.; Edward John Ronth, 
D.So.; Professor Arthur William Rucker, M.A.; William James 
Lloyd Wharton, Capt. R.N. 

The thanks of the Society were given to the Scrutators. 
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The following Table bKows the progress and present state of the 
Society with respect to the number of Fellows :— 


| IWon 
and 

' Royal 

" 

Foreign. 

Com¬ 

pounder* 

£4 

yearly. 

£3 

yearly. 

Total. 

1 Nov. 80, 1K87 ..j 5 

48 

188 

ig;> 

112 

618 

Since Elected ., j 

4- 4 

f 0 

+ 8 

+ i« 

4- 23 

Since Deceased ..! 

i 

- 3 

— 0 

- 8 

- i 

- 18 

Nov. 30, 1.888 .a 

i 

1 

4a 

182 

160 

127 

523 

1 







Account of the appropriation of the sura of £4,000 (the Govern¬ 
ment Grant) annually voted by Parliament to the Royal 
Society, to be employed in aiding the advancement of 
Science (continuod from Vol. XL1II, p. 20.)). 


J. Murray, for an Examination of the Western Lochs of 

Scotland. 400 

W. G. Forster, for cost of ft Seismograph to be used in a 
Research on tho laws which regulato Earthquake Motion .... 75 

F. R. Japp, for an Investigation of the Reactions of Ketones, 

DiketoneR, and allied compounds. 75 

Hon. R, Abercromby, for the Systematic Observation of 

British Thunderstorms. 25 

W. R. Dnnstan, for the Investigation of the Reduction of 
the Nitro-paraffins and Alkyl Nitrites as effected by Ferrous 

Hydroxide . 30 

J. Croll, for books and payment of a Secretary to aid in 
completing a work on the fundamental principles which under¬ 
lie the Doctrine of Evolution in its widest sense. 25 

H. R. Mill, to discuss the Observations of Temperature made 
by the Staff of the Scottish Marine Station in the Clyde-sea 

area.^. 100 

Dr. T. Lauder Brunton, for Investigations on the connexion 
between Chemical Constitution and Physiological Action .... 100 


£830 


Carried forward. 










7U Appropriation of the Government Grant [Nov. 80, 


Brought forward. £830 

Dr. F. Warner, to complete apparatus for enumerating com¬ 
binations of Movements in the Human Body. 60 

J)r. L. 0. Wooldridge, for further Research on the Physiology 

and Pathology of the Blood. 40 

J. Beard, for further Research in El&Hmo branch and Ganoid 

Development . 80 

A Committee of the Royal Society, for continuing the boring 

in the Delta of the Nile.. 500 

W. H. Fendlebury, for un Investigation of & case of gradual 
Chemical Change, viz., that between Hydrogen Chloride and 

Potassium Chlorate. 50 

G. Massee, to prepare a Monograph of the Fungi belonging 

to the order Thelephorei . 100 

F J. Smith, for a Research on tho Acceleration Period of 
tlie Explosion, in tubes, of Gaseous Mixtures, and tho point or 
points at which the explosion is propagated at its maximum 
velocity. 50 

R. Me Ido I a, for a Research on Diuzo-eompounds. 20 

J. N. Lockyer, for Aid in providing a large Reflecting 

Telescope, and to pay an Assistant in a Research on tho exact 

sequence of temperature phenomena in meteoric swarms. 300 

C. Piazzi Smyth, for Researches in Spectroscopic Measure¬ 
ment of Ultra Definition and Extreme Separation. 100 

C. Y. Boys, to Investigate, if possible, the Heat sent to the 

Earth from the Stars, Planets, Ac... 50 

G. S. Johnson, for an investigation into the Nature of the 
Basus (organic) in the Juice of Flesh. 50 

S. U. Pickering, for a full Investigation of the Nature of 

the Reaction taking place when Solutions are diluted with 
Water. 100 

A Committee of the Royal Society, for the Determination of 
tho Relation between the Forces of Gravity at tbe Kew 
Observatory, and at the Royal Observatory at Greenwich .... 150 

C. Davison, for the Observation and Recording of Earth¬ 
quakes and Earth-tremors in the Midland Counties. 80 

E. Nevill, for continuing his Investigation of the Errors of 

Hansen’s Lunar Tables. 50 

P. G. Taifc, for a Research on the Duration of Impact and 

the Coefficient of Restitution. 40 

G. J. Symons, for 6ompleting the Construction of Recording 
Apparatus for the Study df the Barometric Oscillations which 
occur during Thunderstorms. 25 

Carried forward.£2,675 

e 
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Brought forward. .* * *, * £2,675 

Gr. J. Symons, for completing the Collection of Records of 

British Rainfall during the 17th aud 18th Centuries. 50 

P. F. Frankland, for Payment of an Assistant in a Research 
on the Chemical Changes brought about by Micro-organisms. • 50 

A. J. Herbertson and A. Rankin, for obtaining Photographs 

of Phenomena seen at Ben Nevis Observatory. 25 

Dr. Armstrong, for a Committee, for a Determination for 
certain solutions of the Variation in Electrical Resistance with 

concentration at different Temperatures. 150 

H. B. Dixon, for a Research on the Rate of Explosion of 
Cyanogen, Marsh-gas, Ethylene aud Acetylene, with Oxygen 

and Diluents, and two other Researches. 100 

C. R. Alder Wright, for a Research on certain Alloys. 50 

C. A. Ballance and S. (1. Shattock, (or a Research on the 

Pathology of Cancer. 50 

Joseph Thomson, for an Expedition to the Atlas Mountains 

and the Southern Provinces of Morocco.... 100 

A. C. lladdon, for an Investigation of the Fauna, Structure, 
and Mode of Formation of the Coral Reefs in Torres Straits.. 300 

J. Beard, for Researches on Comparative Vertebrate Mor. 

phology, and especially on Qanoid Development. 200 

T. W. Bridge, for Investigating the Structure of the Air- 

bladder in certain Toloostean Fishes. 25 

A Committoe, for continuation of Mr. Rattray’s Monograph 

of the Diatomacero. 100 

R. Kidston, for continuation of his Investigations into the 

Distribution of the Carboniferous Flora. 40 

West Indies Fauna and Flora Committee, for further aid in 
sending a Collector to obtain Botanical and Zoological Speci¬ 
mens m the less kuown West Indian Islands. tOO 

E. A. Sohaier, for further payment of an Assistant to aid in 
proseouting a Research into the functions of the Nervous 

System, especially of the Cerebral Cortex. 50 

W. F. Denning, for farther observation of Shooting Stars 

and their Radiant Points. 30 

W. K. Parker, for continuation of Researches into the Mor¬ 
phology of the Vertebrata. 150 

T. R. Jones, for further Elucidation of the Fossil 

Ostracoda . 25 

W. E. Hoyle, to complete the Anatomical Investigation of 
the Cephalopoda collected by the “ Challenger **. 100 


£4,870 





















72 Account of Grantt from the Donatiuii Fund. 


Dr. 

£ ». d. 

To Bolimoo, November 30,1887. 22 5 6 


^ G-rant from Treasury. 4,000 0 0 

Repayments . 617 0 0 

„ Interest on Deposit. 29 11 11 


Cr. 

£ », d. 

By Appropriation!, as 

above. 4,870 0 0 

Salaries, Printing, 

Postage, Advertis¬ 
ing, and other Ad¬ 
ministrative Ex¬ 
penses . 88 18 0 

By Balance, Nov. 30, 

1888 .209 19 11 


£4,668 17 11 


£4,668 17 IX 


Account of Grants from tlio Donation Fund in 1887-88, 


£ t. d. 

Prof. T. It. Jones, for illustrations of his work on the 

Fossil Astracoda, £25. On account.*. 6 18 8 

Prof. Schafer, to assist the investigation by Drs. Martin 
and Dawson Williams, on the Influence of Bile upon the 

Digestive Actions of the Pancroatio Juice. 20 0 0 

Prof. Lankester, to assist in constructing apparatus for 

the study of certain MeduRee. 15 0 0 

J. N. Langley, to assist Dr. Sherrington in researches 
on Histological Changes in the Nervous System. 20 0 0 


£61 18 6 













Report of the Kew Committee for the Year ending 
October 31, 1888. 


The operations of The Kew Observatory, in the Old Deer Park, 
Richmond, Surrey, are controlled by the Kow Committee, which is 
constituted as follows: 

Mr. Warren do la Rue, Chairman. 

Captain W. da W. Abney, C.B., Admiral Sir G. H. Richards, 
R.E. K.C.1L 

Prof. W. G. Adams. The Earl of Rosse. 

Staff-Commander E. W. Creak, Mr. R. H. Scott. 

R.N, Lieutenant-General R. Strachcy, 

Prof. G. C. Foster. C.S.l. 

Mr. F. Galton. General J. T. Walker, C.B. 

The work at the Observatory may be considered under the fol¬ 
lowing heads 

1st. Magnetic observations. 

2nd. Meteorological observations. 

3rd. Solar observations. 

4th. Experimental, in connexion with any of the above depart¬ 
ments. 

5th. Verification of instruments. 

6th. Rating of Watches and Marine Chronometers. 

7tb. Miscellaneous. 

I. Magnetic Observations, 

There have been no changes introduced in the magnetographs 
during the year, but the building operations referred to later 
on have involved the introduction of several pioces of iron, in the 
shape of girdero, standards, rails, Ac., both temporarily and perma¬ 
nently, into the field of aotion of the magnets, and will there¬ 
fore somewhat complicate the corrections necessary to render the 
observations comparable with those made prior to tho alterations. 
Fortunately the building in which the absolute observations are 
made is sufficiently remote (about 100 yards) from the main building 
to be quite unaffected by theso sources of magnetic disturbance. 

The photographed magnetic curves representing Declination, 
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Horizontal Force, and Vertical Force variations have been secured 
uninterruptedly throughout the past year, and in accordance with the 
usual practice the scale values o! all the instruments were determined 
in January last. 

The following values of the ordinates of the different photographic 
curves were then found 

Declination : 1 inch=0° 22'*04. 1 cm.=0° 8'’7. 

Bifilar, January 12,1888, for 1 inch £H = 0*0279 foot grain unit. 

„ 1 cm. „ as 0*00051 C.G.S. unit. 

Balance, January 16,1888 „ 1 inch SV= 0*0282 foot grain unit. 

„ 1 cm. „ as 0 00051 C.G.S. unit. 

The distance between the dots of light upon the vertical force 
cylinder having become too small for satisfactory registration, the 
instrument was re-adjusted for balance. This was done on January 
19th, after which the scale value was re-determined with the following 
result:— 

Balance, January 21, 1888, for 1 inch £V = 0*0278 foot grain unit. 

„ 1 cm. „ as 0*00050 C.G.S. unit. 

In February experiments were undertaken to verify the tempera- 
1 ture corrections of the force magnetographs as well as of the 
barograph by artificially heating the room in which these instru¬ 
ments are at work. A rough temporary fireplace was built of bricks 
and slates, in which a charcoal fire was lighted for several hours. 
This was subsequently extinguished and the windows were thrown 
wide open in order to admit the cold night air for a corresponding 
period. By this means changes of temperature of about 20° F. 
were several times made. The resultant effect in the case of the 
bifilar was very small indeed, but with respect to the balance magnet¬ 
ometer, it was considerable, as expected. 

In order to ascertain whether the experiments had affected the 
permanent magnetism of the needles, or had otherwise influenced the 
instruments, scale valne determinations were made on March 20th, 
and as will be seen by the following note, no appreciable effeot had 
been produced in the sensibility of the V.F. magnetometer by the 
operation. 

Balance, March 20,1888, for 1 inch £7 = 0*0277 foot grain unit. 

„ 1 cm. „ s 0*00050 C.G.S. „ 

Small unimportant repairs have been made to the reoording 
apparatus when necessary. 

Although the magnets generally have been more active than in the 
preceding year, no very largo movements have been registered. 

The principal disturbances were recorded on the following dates: 



Report of the Kew Committee, 15 

November 21,1887, Janaary 28, April 11-12, May 21, August 3, and 
October 19-22,1888. 

The monthly observations with the absolute instruments have been 
made as usual, and the results are given in the tables forming 
Appendix 1 of this R<q>ort. 

The following is a summary of the number of magnetic observations 


made during the year:— 

Determinations of Horizontal Intensity. 36 

„ Inclination. 12-1 

„ Absolute Declination. 3.) 


The magnetograph curves made use of in the preparation of the 
tables of diurnal range of Declination (see Appendix I, Table III) have 
been reproduced from the original photographs by means of an 
eidograph kindly lent by Captain Wharton, F.R.S., the Hydro- 
grapher. 

A complete set of self-recording magnotographs by Casella, London, 
similar in construction to the instruments recently supplied to the 
Royal Cornwall Polytechnic Society, have been examined at the 
Observatoiy. 

Information on matters relating to terrestrial magnetism and 
various data have been supplied to Professors RUokor, Piaezi Smyth, 
Dr. Rijokevorsel, and Messrs. Wilkinson and Harrison. 

Magnetic Reductions ,—At the request of the Rev. S. J. Perry, 
copies of the Kew Horizontal Force curves for certain selected days 
during the years 1883 to 1886 aro now being made. 

II. Meteokoloqical Obsebvations. 

The several self-recording instruments for the continuous registra¬ 
tion respectively of Atmospheric Pressure, Temperature, and Humidity, 
Wind (direction and velocity), Bright Sunshine, and Rain, have been 
maintained in regular operation throughout the year. 

The standard eye observations for the control of the automatic 
records have been duly registered, together with the daily observa¬ 
tions in connexion with the U.S. Signal Service synchronous system. 
A summary of these observations is given in Appendix II. 

The tabulation of the meteorological traces has been regularly 
•arried on, and copies of these, as well as of the eye observations, 
with notes of weather, cloud, and sunshine have been transmitted 
to the Meteorological Office. 

Owing to trouble caused by bursting of the water-reservoir for the 
thermograph wet-bulbs during frosty weather, and the risk of then 
imperfect action owing to leakage of water, a double tank has been 
made, so that in the event of the inner vessel bursting, the outer one 
will prevent any loss of water. 
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The number of instrument* under observation has been increased 
by the addition of a snow gauge on Professor Nipher's principle for the 
purpose of measuring falls of snow, but no opportunity has occurred 
since its erection of thoroughly testing its indications. 

A new 8-inch Gloisber gauge has been supplied by the Meteoro¬ 
logical Office, and its readings observed regularly, since January, 
with tho view of substituting it for the old square 100-inch area 
gauge hitherto employed for check upon the Beckley S.R. gauge, on 
the completion of a full year's comparison of the two gauges. 

Seven months* observations have also been made of a second 8-inch 
gauge, with tho view of determining the effect of paint upon the 
inner surface of tho collecting fnnncl. 

During the period that the east room of the Observatory was under¬ 
going alteration, tho working standard barometer, Newman 34, was 
temporarily removed to a position a few yards distant in the North 
Hall. Comparisons were mado with the Welsh standards (which were 
carefully cased in, during the timo of occupation of the room by 
workmen), both before, subsequent to its removal, and after its replace¬ 
ment in its old position. 

The*following is a summary of the number of meteorological obser¬ 
vations made during tho past year:— 


Readings of standard barometer. 1740 

„ dry and wet thermometers ........ 3480 

„ maximum and minimum thermo¬ 
meters .. 732 

„ radiation thermometers . 1285 

„ rain gauges .. 1532 

Cloud and weather observations. 1882 

Measurements of barograph curves. 8704 

„ dry bulb thermograph curves,. 9462 

„ wet bulb thermograph curvos.. 8668 

„ wind (direction and velocity).. 17472 

„ minfall curves. 795 

„ sunshine traces. 1891 


In compliance with a request made by the Meteorological Council 
to the Committee, Mr. Whipple visited and inspected during biff 
vacation the Observatories at Aberdeen, Glasgow, Stony hurst, and 
Oxford, as well as the anemographs at Swaubister, North Shields and 
Fleetwood. 

Mr. Baker also inspected the Falmouth and Valeucia Observatories 
as well as the Anemographs at Mountjoy Barracks (Dublin) and 
Holyhead. 

Advantage was taken of these visits to fit Stonyburst lifters to 
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the Beckley rain gauges at Aberdeen, Falmouth, and Valencia, and 
one has since been forwarded to Dr, Dreyer for him to fit at Armagh. 

The barograph and thermograph formerly in nso at the Armagh 
Observatory, after being put in thorough repair, have been erected in 
the Verification-house and temporarily sot to work, awaiting tho 
decision of the Meteorological Council ah to their final disposition. 

With the sanction of tho Meteorological Council, weekly abstracts 
of the meteorological results have been regularly forwardod to, r/nd 
published by 4 The Times 1 and 4 The Torquay Directory.' Data 
have also been supplied to tho Council of the Royal Meteorological 
Society, the editor of 4 Symons's Monthly Meteorological Magazine,' 
the Secretary of the Institute of Mining Engineers, Captain Abney, 
Dr. Rowland, and others. The cost of these abstracts is borne by the 
recipients. 

Sinco January last tables of tho monthly vulues of tho rainfall and 
temperature have beeu prepared and sent to tho Meteorological Sub¬ 
committee of the Croydon Microscopical and Natural History Club 
for publication in their Proceedings. Detailed information of all 
thunderstorms observed in the neighbourhood during the year has 
also been regularly forwarded to tho Royal Meteorological Society 
soon after their occurrence, special forms having been providod by the 
Society for the purpose of collecting such information with tho view 
to special investigation. 

EleotrtHjraph .—Tho olectrograph under repair at tune of last Report, 
owing to its partial destruction by fire, has been put in thorough 
order. Tho de la Rue battery, employed to charge it, has been 
cleaned, and its cells refilled by the makers. The scale-value of the 
instrument has been again determined by moans of tho portable elec¬ 
trometer (White's) and found to be practically unaffected by the 
accident. 

A paper giving a summary of the results afforded by the instru¬ 
ment is at present in preparation. 

The electrometer lent to Mr. Aberoromby for tho purpose of making 
observations during his expedition to Teneriffo was returned to tho 
Observatory in good order on the termination of his experiment, and 
on trial the value of the scale division was found to be unaltered. 

In consequence of an accident whilst cleaning, the instrument 
required re-adjustment in March, but no alteration was found to have 
resulted to its sensitiveness when again tested at the laboratory in 
Charlotte Street, facilities being afforded for this by the kindness of 
tbe Chairman. 
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III. Solar Observations. 

The sketches of Sun-spots, as seen projected on the photoboliograph 
screen, have been made on 150 days, in order to continue Schwabe'a 
enumeration, the results being given in Appendix II, Table IV. 

Transit Observations .— Regular observations of solar and of sidereal 
transits have been taken, for the purpose of keeping correct looal 
time at the Observatory, and the clocks and chronometers have beon 
compared daily. 

The clocks, French, Shelton K. 0., Shelton 35, and the ohrono- 
meters Breguet No. 3140, and Arnold 86 are kept oarefully rated 
as time-keepers at the Observatory, and the mean-time clock, Dent 
2011, lent by the Astronomer-Royal, is also in use in daily com¬ 
parisons with the chronometers on trial. 

The chronometer, Molyneux No. 2126, is used as a “hack 
chronometer ” in order to facilitate the inter-comparison of the clocks. 

The scale, figures, &c., on the south meridian mark in connexion 
with the transit-instrument having become somewhat obliterated 
through age and exposure, steps were taken to remedy this defect, 
and some slight improvements introduced. 


IY. Experimental Woke. 

Photo-nephograph .—The past year has been particularly unfavour¬ 
able to cloud photography at the Observatory. 

The opportunities of taking negatives of cirrus, to which parti¬ 
cular attention is directed, were rare in the earlier months of the 
summer, and during tbo later the builders’ operations prevented, in a 
great measure, the work being oarried on. 

Several modifications have been introduced into the system of 
observing, materially simplifying it, and the mathematical treatment 
of the pictures has also been temporarily set aside in favour of 
mechanical methods, which afford results of sufficient accuracy in a 
small fraction of the time occupied by the other plans of reduction 
whioh have been employed hitherto. 

Observations of cloud height, drift, and direction have been treated 
in this manner for 1887 and for 1888, generally with satisfactory 
results. During April special photographs were taken with one 
camera only, for showing the structural change in cirrus in short 
intervals of time, and seven sets of negatives were procured, exhibit¬ 
ing the extensive alteration sometimes observed in this class of cloud 
4 in a couple of minutes. 

Time Signals .—With a view of obtaining the time at the Observa¬ 
tory for pendulum work to a high degree of accuracy, and also for 
comparing daily the time as determined by the Observatory Transit 
with that distributed by the Postmaster-General from St. Martin’s-le- 
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Grand, application was made to H.M. Commissioners of Woods and 
Forests for permission to erect a telegraph line from the Observatory 
to the London and South Western Railway skirting the Old Deer 
Park. This was granted, and a line has been set up placing the 
Observatory in direct electrical communication with the Chief Post 
Office in Richmond. 

A relay and chronograph have been purchased and placed in the 
circuit, and every morning, excepting Sundays and holidays, the 
10 a. if* signal from the Royal Observatory, Greenwich, is recorded 
boside the boats of tho Observatory Standard Clock (French) on the 
sn me tape. The signals have been observed daily by means of the 
galvanometer for the past two months, but tho chronograph was only 
regularly set to work on the 31st October, delay having arisen on 
account of the necessity of protecting tho apparatus against lightning. 

The cost of the chronograph and attachments to the Standard 
Clock has been defrayed by a grant from the Royal Society. 

Pendulum Experiments .—The swinging of the Indian Invariable 
Pendnlurns at the Observatory has been delayed by the operations 
attendant on tho establishment of the time signal connexion with the 
General Post Office, and also by failnre, up to the prosont, of informa¬ 
tion from the American officers as to certain details of their practice 
when observing with the apparatus in America and elsewhere. 

Meanwhile experiments have boon made to determine the vacuum 
correction of the two thermometers, Nos. JC.S. 667 and 668, used on 
the dummy to roplaco those broken in travelling. It was observed 
that a reduction of 27 inches in the barometric pressure lowered 
their zero points by 0 25°. Other observations were also made to find 
the relative degree of accordance during changes of temporatnre 
between the indications of the thermometers in the interior of tho 
vacuum-chamber and that attached to the Richard thermograph 
placed in close proximity to its outer surface. 

During these trials the holding capacity of the chamber has been 
thoroughly tested and found to stand low pressures extremely well. 

Constants of Robinson Anemometers .—By permission of the Com¬ 
mittee, Mr. Whipple has attended at Horsham on several occasions, and 
assisted Mr. W. Dines, B.A., F.R. Met. Soo., in the experiments in 
progress, on behalf of the Wind Force Committee of the Royal Meteoro¬ 
logical Society, for determining the value of the Robinson constant for 
anemometers of various dimeustons, and also for verifying the factor 
for converting wind velocity into pressure. 

The experiments are similar to those carried out at the Crystal 
Palace in 1874, and described in the Report for that year. 

A Preliminary Report on the experiments was rend before the 
R. Met. Soo* meeting in May, 1888, and is printed in tho * Quarterly 
Journal/ vol. 14y p. 253. The results compare very favourably with 
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those formerly obtained as discussed by Professor Stokes (‘ Roy. Soc. 
Proo.,’ vol. 32, p. 170). 


Y. Veiiification of Instruments. 

The following magnetic instruments have been purchased on com- 
mission and their constants determined 

An Inclinometer for the Tiflis Observatory. 

A pair of Inclinometer Needles for the CoLaba Observatory. 
Ditto for the U.S. Navy Department, 

Ditto for the Utrecht Observatory. 

The total number of other instruments compared in the past year 
was as follows:— 


Air-motors . 6 

Anemometers. 2 

Aneroids. 164 

Barometers, Marine. 31 

„ Standard. 75 

,, Station. 9 

Compasses.... 7 

Hydrometers. 543 

Inclinometers . 1 

Magnets. 3 

Rain Gauges. 3 

Sextants. 157 

„ Shades .. 78 

Sunshine Recorders. 3 

Theodolites .,. 3 

Thermometers, Arctic. 136 

„ A vitreous or Immisch’s. 1581 

„ Chemical . 79 

,, Clinical . 10442 

„ Deep sea. 77 

„ Meteorological . 1074 

„ Mountain . 27 

„ Solar radiation. 3 

„ Standards... 73 

UnifilarB. 1 


Total. 14,588 


Duplicate copies of corrections have been supplied in 52 oases. 

The number of instruments rejected on aooount of excessive 
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error, or which from other causes did not record with saffioient 
accuracy, was as follows:— 

Thermometers, clinical. 51 

„ ordinary meteorological. 16 

Various . 221 


7 Standard Thermometers have also been calibrated, and supplied 
to 2 societies and 2 individuals during the year. 

There are at present in the Observatory undergoing verification, 
22 Barometers, 482 Thermometers, 2 Hydrometers, and 4 Sextants. 

Sextant Verification .—The number of sextants submitted for ex¬ 
amination continues to increase, having amounted during the past year 

to 167. 

VI. Rating op Watches. 

639 entries of watches for rating were made as contrasted with 510 
duriug the corresponding poriod of last year. They wore sent for 
testing in the following classes:— 

For class A, 569; class B, 51; and class C, 19. 

Of these 218 failed to gain any certificate; 8 passed in C, 46 in B, 
367 in A, and 28 of the latter obtained the highest possible form of 
certificate, the class A especially good . 

In Appendix III will be found statements giving the results of 
trial of the 30 watches which obtained the highest numbers of marks 
daring the year, the premier position being attained—with 89*0 marks 
—by a keyless, single-roller, going-barrel, centre-seconds watch, sub¬ 
mitted by W. Holland, Rockferry, Birkenhead. 

This total exceeds that of last year, and it is also extremely satis¬ 
factory to note that a continued inorease has taken place in the 
proportion of watches gaining more than 80 marks, the number this 
year being 53. 

Ho difficulty has beei^ experienced in maintaining the three safes— 
in which the watches are placed during rating—at the three tempera¬ 
tures of 40°, 65°, and 90° respectively, all the year round. 

Special attention continues to be given, as before, to the examination 
of pocket chronographs, in accordance with the request of tho Cyclists' 
Union; and in consequence of numerous enquiries from manufacturers, 
timers, Ac., a set of rules has been drawn up, as follows, which are 
adhered to as far as practicable in testing chronographs. 

L After the usual A or B tests are finished the watch is run with 
the chronograph work in continual action for one or two periods of 
24 hours eaoh, and a note made of the maximum effect produced upon 
the ordinary daily rate, by the chronograph mechanism v being in 
OOftytant action. 

m. xjtiV. 


o 
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2. This maximum effect must not exceed ± 5 seconds. 

3. In addition to the above 24-hour trials, the watch—with a view 
of testing its starting, stopping, and recording qualifications—is also 
subjected to shorter tests, varying from a few seconds to an hour or 
more in duration. 

4. When the chronograph mechanism is in action, and pressure is 
applied to the knob or push-piece, the chronograph hand or hands 
must either stop dead at once, or else must run on unaffected until 
stronger force is used. 

5. There must be a complete absence of “ lagging,' 1 and moving 
only in spasmodic jumps, when pressure is applied, and perfect absence 
of recoil when the chronograph hand is stopped. 

6. The hands must return to, and start exactly from, the zero 
mark, and in the case of split seconds they must run together in exact 
accordance. 

7. The times shown by the minute-recorder must agree with the 
position of the fly-back hand. 

8. When the chronograph action of a watch has been tested—in 
addition to the trial of its ordinary time-keeping qualities—an endorse¬ 
ment of the result will be made upon the certificate; and chrono¬ 
graph watches with certificates without this endorsement will be 
recognised as having been examined as ordinary watches only. 

Marine Chronometers .—Certificates of mean daily rate and of 
variations of rate at each temperature have been awarded to 12 
marine ohronometers after undergoing the 35 days’ trial as specified 
in the regulations. 


VII. Miscellaneous. 

Assistance to Observatories , #c.—Prepared photographic paper has 
been procured and supplied to the Observatories at Batavia, ColAba, 
Falmouth, Lisbon, Mauritius, Oxford, St. Petersburg, Stonyhurst, 
and Toronto, as well as also to the Meteorological Office and the U.S. 
Navy Department.. 

Anemograph sheets have likewise been sent to Coimbra and 
Mauritius, blank forms for entry of observations, Ac., have also been 
distributed to various applicants. 

Hongkong Observatory .—This observatory was founded by H.M. 
Government in 1883, partly on the recommendation of the Kew Com¬ 
mittee, iu order amongst other objects to obtain continuous observa¬ 
tions of terrestrial magnetism and meteorology in the eastern hemi¬ 
sphere between Java and Zi-Ka-Wei. 

The Committee have recently been consulted by the Secretary of 
State fbr the Colonies as to the advisability of suspending the mag¬ 
netic work of the Chinese Observatory for a period of three years, 

\ 
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bat having regard to the important changes going on in the horizontal 
component of the earth’s magnetism, on that part of the globe, the/ 
were not able to recommend the Secretary to interrupt the observa¬ 
tions as suggested. 

Marine Telescopes. —The arrangements described in last year’s Report 
for the examination of Marine telescopes and binoculars have been 
completed, and a circular has been approved of by the Committee for 
issne to the public, stating that such instruments will in future be 
tested at Eew on payment of the following fees :— 

Marine telescopes and superior binoculars . . 2s. 6d. each. 

Opera glasses and pocket telescopes •. .. Is. Od. „ 

The Secretary of the Admiralty lias communicated with the Com 
mittee with reference to a proposal that all such instruments purchased 
for use in H.M. Navy should ho examined at the Observatory prior to 
their acceptance from the contractors’ hands. 

Photographic Lenses. —Captain Abney, at the suggestion of the 
Camera Club, as well as Mr. Galton, have proposed to the Committee 
the establishment of a system of testing and certifying lenses con¬ 
structed for use in photographic cameras* Captain Abney has pro¬ 
posed a schemo of examination, and experiments are in progress with 
a view to carrying it out at the Observatory. It has, however, been 
found difficult as yet to fix upon one which would permit of a suffi¬ 
ciently exhaustive examination being conducted for the low fee which 
has been suggested, as probably the only oue likely to make the certifi¬ 
cates popular. 

Ships' Lights. —The Committee have had under consideration the 
very important subject of the examination of ship’s lights for the 
Mercantile Marine, by a system based upon the method now in 
operation at H.M. Dockyard at Chatham with reference to the lamps, 
lenses, and coloured shades used in H.M. Navy. 

The inland isolated position of the Observatory, and the heavy and 
cumbersome nature of the lanterns, appear to the Committee at 
present to offer an almost insuperable objection to the adoption of 
this at Eew. There are no funds available for the alternative plan 
8Q ggosted of setting up a branch establishment at some locality on the 
banks of the Thames below London. 

Exhibition .— The Committee contributed to the Annual Exhibition 
of the Royal Meteorological Society held in March last, a collection of 
apparatus for observing atmospheric electricity, principally that used 
at Eew by Ronalds or subsequent observers. 

A list of the various objects with references is printed in the 
catalogue prepared by the Society.* 

# See 1 Quarterly Journal,' vol. 14, p. 235. 
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Extension of the Budding .—'The Chief Commissioner of Works and 
Public Buildings haring granted permission for the Committee to 
undertake the ereotion of the additional storej to the east wing of the 
Observatory as mentioned in last year's Report, and having instructed 
Mr. Lessels, surveyor to the Board, to prepare the necessary drawings, 
plans, Ac., tenders were invited from the principal local builders 
for the work. That of Messrs. J. Dorey and Co., of Brentford, for 
£454, was accepted, and operations were commenced on July 23rd. 
They have now been completed under the superintendence of Mr. 
Chart, H.M. Commissioners' Clerk of Works for the Hampton Court 
and Kew District, and Mr. Allen, his Assistant. 

Library .—During the year the library has received as presents the 
publications of— 

22 Scientific Societies and Institutions of Great Britain and Ire¬ 
land, and 

95 Foreign and Colonial Scientific Establishments, as well as 
numerous private individuals; 

The reference set of ‘ Phil. Trans.' has been bound in cloth boards 
to correspond with the covers of the volumes as now issued by tbe 
Royal Society. 

Old Mural Quadrant .—When in 1840 the astronomical instruments 
forming the equipment of George Ill’s Observatory, were removed to 
Armagh, it was found impracticable to take away the 8-feet mural 
quadrant by Sissons, on account of its being too large to pass through 
the doors or windows of the room in which it was placed. 

Recently, advantage was taken of the removal of the roof of the 
east wing of the Observatory to hoist it out and convey it to the 
Stores in the Office of Works at Kew, where it is now deposited. The 
Committee propose its ultimate consignment to the Loan Collection 
of Scientifio Apparatus at South Kensington. 

The stone wall which served for its support has been utilised as a 
bearer for a new gallery, providing an additional area of 29 feet long 
by 7 feet wide, which it is intended to devote to the Department for 
the Verification of Hydrometers. 

Workshop .—The machine tools procured for the use of the Kew 
Observatory by grants from the Government Grant Fund or the 
Donation Fund, have been duly kept in order. 

House, Grounds, and Footpath .—These have all been kept as usual 
during the year. 

A Norton’s tube-well has been driven and a pump erected in order 
to obtain an increased water supply, the Observatory not being in 
connexion with the mains of Richmond. 
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Personal Establishment. 

The staff employed is as follows:— 

G. M. Whipple, B.Sc., Superintendent. 

T. W. Baker, Chief Assistant. 

H. McLaughlin, Librarian. 

E. G. Constable, Observations and Bating. 

W. Hugo, Verification Department. 

J. Foster „ „ 

T. Gunter. 

W. J. Boxall, and five other Assistants. 

The Committee feel that they cannot permit the lamented death of 
Professor Balfour Stewart to pass unnoticed. 

Professor Stewart’s connexion with the Oliservatory originated in 
1856, when it was under the control of the British Association. In 
February of that year he joined the staff as an Assistant Observer to 
Mr. John Welsh; his stay was, however, short, as he left soon after in 
October to become Assistant to Professor Forbes at Edinburgh, but 
returned in 1859 as the Superintendent, accepting the appointment 
when offered him on the death of Mr. Welsh. He relinquished the 
superintendence in 1871, in order to reside at Manchester as Pro¬ 
fessor of Physics in Owens College, but maintained a most lively 
interest in the operations of the Observatory, especially in the 
solar and magnetic work, being engaged in a discussion of certain of 
the Kew magnetic observations even up to the time of his death. 
The most important of his papers referring to these and similar obser¬ 
vations are enumerated in the appendix to Mr. Scott’s “ History of 
the Kew Observatory.”* 

(Signed) Wabren de la Rue, Chairman . 

November 2 7th, 1888. 


• See * Boy. Soo. Froc.,’ vol. 89, pp. 87-86 (1886). 



The Kew Observatory. Account of Receipts and Payments for the year ending November 3rd, 1883. 
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APPENDIX I. 

Magnetic Observations made at the Kew Observatory, Lat. 51° 28' 6" V. 

Long . O h l ra 15 B 1 IT., for the year October 1887 to September 1888, 

The observations of Deflection anil Vibration given in the annexed 
Tables were all made with the Collimator Magnet marked KC1, and 
the Kew 9-inch Unifilar Magnetometer by Jones. 

The Declination observations have also been made with the same 
Magnetometer, Collimator Magnet N E being employed for the purpose. 

The Dip observations were made with Dip-circle Barrow No. 33, the 
needles 1 and 2 only being used; thoso are inches in length. 

The results of the observations of Deflection and Vibration give the 
values of the Horizontal Force, which, being combined with the Dip 
observations, furnish the Vertical and Total Forces. 

These are expressed in both English and metrical scales—the unit in 
tho first being one foot, one second of moan solar time, and ono grain; 
and in the other one millimetre, one second of time, and one milligramme, 
the factor for reducing the English to motric values being 0*46108. 

By request, the corresponding values in C.G.S. moasuro are also given. 

The value of log w 2 K employed in the reduction is 1*6436*5 at tem¬ 
perature 60 n F. 

The induction-coefficient ji is 0 000194. 

The correction of the magnetic power for temperature t 0 to an 
adopted standard temperature of 35° F. is 

0*0001194(t o —35) + 0-000,000,213&-35) 3 . 

The true distances between the centres of the deflecting and deflected 
magnets, when the former is placed at the divisions of the deflection- 
bar marked 1*0 foot and 1*3 feet, are 1*000075 foot and 1*300097 feet 
respectively. 

The times of vibration given in the Table are each derived from 
the mean of 14 observations of the time occupied by the magnet in 
making 100 vibrations, corrections being applied for the torsion-force 
of the suspension-thread subsequently. 

No corrections have been made for rate of chronometer or aro of 
vibration, these being always very small. 

The value of the constant F, employed in the formula of reduction 

In each observation of absolute Declination the instrumental read¬ 
ings have been referred to marks made upon the stone obelisk erected 
1,250 feet north of the Observatory as a meridian mark, the orientation 
of which, with respect to the Magnetometer, has been carefully 
determined. 

Jthe observations have been made and reduced by Mr. T. W. Bakor. 
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Table I. 


Observations of Inclination or Dip. 
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Table II. 

Observations for the Absolute Measurement of Horizontal Force. 


Month. 

f m 

Ug x 

mean. 

Log t»X 
mean. 

Value of w*. 

1887. 




October 27th . 

0*12043 

O’80726 

0*51743 

November 30th. 

9*12030 

0 80776 

0-6176-1 

December 30tli. 

9*12012 

0-30796 

0 *51765 

1888 




January 30th. 

9*11995 

0*30803 

0-51700 

February 28th. 

9*12015 

0 30813 

0 61777 

March 29th. 

9*11981 

0*30826 

0-51764 

April 20th. 

9*11989 

0 30817 

0-61764 

May 25th and 26th . 

9*11960 

0*30832 

0 61756 

J uno 30th .. 

9*11976 

0*30859 

0 -51782 

July 30th. 

9*12008 

0*30840 

0-51780 

August 28th. 

9*1)986 

0 *30823 

0 51767 

September 26th. 

9*12022 

0 *30793 

i 

0-51770 


Table HI. -Solar Diurnal Range n£ the Kew Deelination jib doriveil 
from selected quiescent days. 


Hour 

Summer 

menu. 

W inter 
mean. 

Annual 

mean. 

1888. 




Midnight 

—0*7 

] -0*7 

-0*7 

1 

-0*6 

-0*6 

-0*6 

2 

. sagiffMIfe 

-0 3 

-0 3 


-1*1 

-0 5 

-0 8 

4 

-2 0 

-0*2 

-1 *1 

5 

-2 (i 

-0*1 

-1*4 

6 

— 3 4 

- 0 3 

-1 *8 

7 

3*9 

-0*7 

-2 3 

8 

-4*0 

-1*3 

-2*6 

9 

-3*6 

-1*3 

-2*4 



-0*8 

-0 9 

11 

+ 1*8 

-0*2 

+ 0*8 

Noon 

+ 4 2 

+ 1 *3 

+ 2*8 

13 

+ 6*9 

+ 2*8 

+ 4*4 

14 

+ 5 4 

+ 2*0 

+ 3*7 

15 

+ 4*3 

+ 1*2 

+ 2*8 

16 

+ 2*7 

+ 0*6 

+ 1*7 

17 

+ 1 *2 

+ 0*3 

+o*e 

18 

+ 0*1 


0 0 

19 

-0*1 

-0 7 

-0*4 


-0*3 

-0*7 

-0*6 

21 

-0*4 

—0*8 

-0*6 

22 

-0*6 

-1*0 

-0*8 

23 

-1*1 

-1*0 

-1*0 


• mmmMgmkio moment of vibrating magnet. 


o 3 
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Meteorological Observations.—Table L 
Mean Monthly results. 
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The above Table is extracted freon the “ Hourly Readings,” vols. 1887-88, of the Meteorological Office, by per¬ 
mission of the Meteorological Council. 

* Reduced to 32° at M.S.I*. 
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at 10 A.X. daily by gauge 1*75 feet above surface of grprnd. t Ah registered by the anemograph. 









Meteorological Observations.—Table III. 
Kew Observatory. 
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* Aa indicated by a Robinson's anemograph, 70 feet above the general surface of the ground, 
t Instrument dismounted for two days 
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Table IV. 

Summary of Sun-spot Observations made at the Kew Observatory. 


Mouths. 

Days o! 
observation. 

Number of 
new groups 
enumerated. 

Days with¬ 
out spots. 

1887. 




October. 

17 

2 

10 

November. 

14 

2 

10 

December... 

12 

4 

4 

1888. 




January.. 

9 

4 

8 

February. 

6 

2 

8 

March... 

10 

2 

4 

April.... 

9 

6 

2 

May. 

19 

1 

14 

June .. . . 

11 

2 

8 

July . 

8 

1 

6 

August ... . 

16 

4 

7 

September . 

19 

3 

6 

Totals ...... 

160 

82 

7* 

























APPENDIX in.—Table I. 

Results ok Watch Trials. Performance of tbe 31 W atches which obtained the highest number of marks during the year. 


Report of the Kew Committee . 


95 


21! 

o ® <e to «■* -i f- <p o *»<n *4 <p <r 

gssssSSS3SS. S S3 a 338338 

£ 

! 

i 

a 

‘uofinenod 
-moo Mn?andiiM£ 

? ao<p«a>r.Mn» ?r 9 T? T 999999 

4i o> r- *5 to do r- to to o> 4 r-«o to 4 coh>Ntf oi 

•nofifsod jo «Uimp 
qj|ja 9)u jo o»u«qo 

ffi'fff'fr"* f -T f «?»?•?►- 

RXKXXSXXSXX 8 S3 XX8X8SX 

jo uon^fiM 

9'* , *^99999«9® 9 99 9 *99999 

838JJSSJS8«?18 S on S rsSS?aS3 

IfutBOl |»UU BU|U|lOf 

oiujjiyo iMdi^nq aouwajujQ 

5©8£«<£<jJirt<jioiOt> *p o «5 £ OOoSflS 
S^owdoodoaonAi <e n 4 e o ant >- h o 

Difference of mean delly 
rate 

•UMop pup 
pin dn pt|p 

fi999“?999r99 9 99 * 99999* 
£0*400c>) oqoin- 4ei o wo ei cm m — o — — 

•+ 1 M 1 + + 1 1 ++ + II + 1 + II + + 

*5j9[ mepaad pas 
dn wwpaed uodiuofi 

*9999999*999 9 "® 9 999999 

&OWNOOneW-i>4« O W *9 P4 O O « N W *4 

*+111+11111+ 1 M +IMI++ 

iqSIfj laxpuarf ptra 
du ^unputKl u>io«)of] 

89999999*999 !• ?? r »©»r9* 
5J-ei-.-4W«opio4« o we* r* ©moo — o 
* + 11l+f+|f1+ 1 II + I+II++ 

a dn pt*p pun 
dn juupuod udoaiog 

^pixAOa^oicvtfi- o — <i <n noor-dn 

'jj-OOHOnOOWPIO *4 OO © PIO-<OPIH 

* 1 II ++ 1 1 1 + 1 + l+l +M4III 

« Vet 

ioj »)«i jo »3u*qo ueam 

H?|?8????S8S $ 9 $ $ S3SS?? 

160000000000 O OO o oooooo 

9 »WJ 
£(i*p ;o qo|)V{jva uwh 

$39999999999 9 *9 -» 9999*9 
ioooooeooooo o oo ooooooo 


s99 , °T«9999r9 9 9r 9 

Eon —©no©-*©©-* — © — o nn —— — m 
*+ + + + +*■ + + 1 + + ++1 1 ++++++ 


: : : . 
I : t : 

ill: 


_111 I 

!! i!; i i ilji i 


: \ 


: i 
! ! 
: ! 



i 1 ^ 1 


»- *■ f s 

-a TS 


illiiiiSiii 


11! 1 Hills 

! !i ! nmi 


Ill!!!! 



* d r., double-roller; ».r. Bangle-roller t g b., going b»n*L t Especiilly good. 
























Table I 


Report of (ho Koto Committee. 


99 99rr991 


aoivntod vr* 8 

-moo unjuadiuox !s:22£l2£22E 


‘nnwidd )0 tHump 
«(t(M mu jo aJfuwno 

•mu 

jo oopvfiu 


99*ry?~?°99 

ajsgsgg ggag 

TD fi r- >n t- <J> » 


■W|W 3ui«'lpim UumpM 8!2Sl2SeoR©e.o 
»'«w)w U9,iMj,>q oou9J.ii»ia 


I-O-ONOONflO 

* + +J + |+| +_++ 

urt-iMH^OOOOW 

- 1±J 11 1 MM) 

Nh 

I-NO«tOO«N^ 

* J J J 1 Jjf I [_++_ 
1 I I +_+ l l_+ l_++_ 

f?££8si?£?8 


•UMop [nip 
ptn dn pip uaJMian 

Ijor lunpuad pun 
. dn jimpuad uooiiiofl 

H-— 

*3t|Sffi tnspuixl pun 
dn iu«pnad uaami«q 

•dn pjp pun 
dn ?uwpuod uaaMjafj 

„ A **1 

joj mu jo oftmqa man 



Zoooooooooo 

<<9000009000 


n9r99*rr99VV 8 
*+++++++++! * 




iiiiiiliili 


mm j 




IlSIilSIi 






















Highest Records obtained by Complicated Watches daring the year. 
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Report of the Km Committee. 


APPENDIX IV. 


List of Instruments, Apparatus, Ac., the Property of the Kew Com* 
mittee, at the present date out of the oustodj of the Superintendent, 
on Loan. 


To whom lent. 

Article*. 

(If, J, flymnnHj F.R.8. 

PorLabln Tnn*ii; Tnif.rnmflnf, _.._ 1trttTT . T _ 

The Science end Art 
Department, South 
Kensington. 

* 

The article* specified in the list in the Annual 
Report tor 1876, with the exception of the 
Photo-Heliograph, Pendulum Apparatus, 
Dip-Circle, tJnifil&r, and Hodgkin son’s Acti- 
noineter. 

Lieutenant A Gordon, 
R.N. 

TJnifllar Magnetometer by Jones, Ho. 102, 
complete, with three Magnets and Pefieotion 
Bar. 

Dip-Circle, by Barrow, one Pair of Needles, 
and Magnetising Bara. 

One Bifllar Magnetometer, 

One Declinometer. 

Two Tripod Stands. 

General SirH. Lefroy, 
R.A., F.B.S. 

Toronto Daily Registers for 1850-3 .. . 

Professor W. Grylla 
Adame, F.R.S. 

TTnifllar Magnetometer, by Jones, No. 101, 
complete. 

Pair 9-inch Dip-Needles with Bar Magnets .. . 

Profeaaor 0. J. Lodge 

Unifllar Magnetometer, by Jones, No. 106, 
complete. 

Barrow Pip-Circle, No. 28, with two Needles, 
and Magnetising Bars. 

Tripod Stand, 

Mr. W. F. Harrison. 

Condensing lens and eopper lamp chimney • . 

Captain W. de W. 
Abney, F.R.S* 

Mason's Hygrometer, by Jones. . . 

Professor Rticker . .. 

Tripod Stand.. . 

Lord Rayleigh. 

Standard Barometer (Adie, No. 655). 

Mr. I. S. Cullum • • 

Alt*Asimuth by Robinson, 0. 42 . .. . 
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December 6, 1888. 

Professor G. G. STOKES, D.C.L., President, followed by 
Dr. W. POLE, Vice-President, in tlie Chair. 

The President announced that he had appointed as Vice-Presi¬ 
dents— 

The Treasurer, 

Sir James Paget, 

Dr. Pole, 

Sir Henry Roscoe. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers wore read :— 

I* “Description of the Skull of an extinct Carnivorous 
Marsupial of the size of a Leopard (Thylacopardus australis 
Ow.), from a recently opened Cave near the ‘Wellington 
Cave 1 locality. New South Wales” By Sir Richard Owen, 
K.O.B., F.R.S., &e. Received October 12, 1888. 

[Publication deferred.] 


II. “The Pectoral Group of Muscles.” By Bertram C. A. 
WiNDLE, M.A., M.D. (Dub.), Professor of Anatomy in the 
Queen's College, Birmingham. Communicated by Pro¬ 
fessor A. Macauster, F.R.S. Received October 25, 1888. 

(Abstract.) 

This paper is an attempt to explain the morphology of the pectoral 
group of muscles, and is based on the dissection of over fifty mammals, 
aud on descriptions of others in various journals, Ac. 

The following are the chief conclusions :— 

1. That portion of the lateral sheet of mnsole, pushed outwards in 
the form df a cone by the growth of the anterior limb-bud, which 
belongs to the ventral region, may be divided by radial lines of fission 
into three segments, vis., an anterior or manubrial, a mesial or gladi- 
olar, and a posterior or abdominal. 

•OL. XLV. 


H 



100 The Pectoral Grwp, 9 / Mwh * [Dec. 6, 

2. That the radial division is of primary importance is shown by 
the fact that each of these segments has its own nerve, viz., the 
anterior, a nerve corresponding to external anterior thoracic of human 
anatomy; the middle, internal anterior thoracic; the posterior, lateral 
thoracic. The first is definite in its origin and distribution, And the 
third in its origin, the second is less regular, and in correspondence 
with this is a certain indefiniteneas of the liqe of division betwoen the 
second and third segments. 

3. The anterior segment may be subdivided into clavicnlnr or 
mannbrial portions, and the posterior may also be in two divisions, 
but these are not regarded as of primary value. 

4. Each segment may undergo a secondary lamination into super¬ 
ficial and deep parts, viz., anterior into superficial and deep mann¬ 
brial, middle into gladiolar and costal, and posterior into superficial 
and deep abdominal. 

5. Superficial manubrial is always present and generally covers the 
others at its expanded insertion; it may be distinct or fnsed with 
dr ep mannbrial or gladiolar, or both. 

6. Veep manubrial may be absent, or present and distinct, or fused 
with, or juBt separable from, superficial. It may be fused with costal 
or veiy rarely with gladiolar, if the plane of manubrial lamination is 
more superficial than usual. The relation of this muscle to the so- 
called “sterno-scapnlaris 99 is discussed, the anther being of opinion 
that the latter is subclavian in its nature. 

7. Gladiolar may be absent or nearly so. It may be distinct or fused 
with superficial or deep manubrial, or with costal or abdominal. It 
is very often fused at its posterior border only with costal, the two 
sheets being otherwise separate. 

8. Costal may arise from the edge of the sternum and the costal 
cartilages, from fcho cartilages alone, or from the ribs. It has a 
tendency as it decreases in size to shift ita origin farther outward*, 
and its insertion farther towards the shoulder. It u>ay be fused 
with gladiolar or deep manubrial or abdominal. It may consist of 
two portions, anterior and posterior, 

9. Abdominal may be absent or douhle, and the two parts may 
overlie one another, or one may be anterior to the other. It may be 
fused with gladiolar or costal. It may be connected by its entire 
outer border with the dorsal sheet, thus closing the axilla, or fasciculi 
may pass from one side to the other {achselbcgen). The origin may 
wander outwards to the lower ribs (pectvrati* quartus). 

10. The parts above described are very variously esraqged 
amongst mammalia. The conditio us obtaining are discussed fttyd 
exhibited in a tabular form. 

11. The various faptons we thus represented in man:— 
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S888J Reflwim and Trammisiion of Light hy Gias*. 

Superficial manuhrial: olsviculor and anterior part of pectorali* 
major % sometimes separata from the remainder of the 
muscle. 

Deep manuhrial: occasionally present as the pectoralU mimmv* 
of Wenzel Gruber. 

Gladiolar: posterior, non-refleeted part of pectoralU major . 

Coital: double (l) pectorali* minor, (2) deep reflected part of 
pectoralia major . 

Abdominal: occasionally present as pecloralis quartus, or as 
some of the forms of achselbogen . 


III. “Some Observations on the Amount of Light vefleoted and 
transmitted by certain kinds of Glass.” By Sir John 
Conroy, Bart., M.A., Bedford Lecturer of Balliol College 
and Millard Lecturer of Trinity College, Oxford. Com¬ 
municated by A. G. Vernon Harcourt, Esq., F.tt.S. 
Received November 8, 1888. 

(Abstract.) 

The experiments were commenced in order to determine the amount 
of light lost by transmission through glass. 

Plates of the same kind of glass, but of different thickness, were 
taken, and the amount of light they transmitted determined, and 
from those values the percentage amounts reflected and obstructed 
calculated. 

The amount reflected from the first surface wbs also determined 
directly by measuring the relative intensities of the illumination pro¬ 
duced by two argand flames, when the light from both fell directly on 
the photometric surfaces, and when the light from one fell directly 
whilst that from the other reached the photometer after reflection 
from the surface of the gloss.. 

Erperimenti were also made to ascertain whether repolishing 
altered in any way the reflective power of the glass; and the 
polarising angles of the glass before and after ropolishing were also 
determined. 

Conclusion*- 

It seems probable that the amount of light reflected by freshly 
polished glass varies with the way in which it has been polished, and 
that, if a perfect surface conld be obtained without altering the 
refractive index of the surfaceJayer, then the amount would be 
accurately given by Fresnel's formula, but that usually the amount 
differs from that given by the formula, being sometimes greater and 
•wwtimea leas* 

■ « h2 
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The formation of a film of lower refractive index on the glass 
would aooount for the defect in the reflected light; but to account for 
the excess, it seems necessary to assume that the polishing has 
increased the optical density of the surface-layer, and the changes 
produced in the amount of light transmitted and in the angle of 
polarisation support this view. 

After being polished, the surface of flint gl&BS seems to alter some¬ 
what readily, the amount of the reflected light decreasing, and the 
amount of the transmitted increasing, whilst with crown glass the 
change, if any, proceeds very slowly. 

There is no evidence to show to what particular cause these 
changes are due. 

The values of the transmission coefficients for light of mean 
refrangibility for the two particular kinds of glass are given, and 
show that for 1 cm. the loss by obstruction amounts to 2*C2 per cent, 
with the crown glass and 1*15 per cent, with the flint glass. 


IV. “ The Specific Resistance and other Properties of Sulphur.” 
By James MoNCKMAN, D.Sc. Communicated by Professor 
J. J. THOMSON, F.R.S. Received November 10, 1888. 

[Publication deferred.] 


Presents , December 6, 1888. 

Transactions. 

Freiburg-im-Breiagau:—Naturforschende Gesellschaft. Berichte. 

Bd. II. 8vo. Freiburg 1887. The Society. 

Gloucester:—Cotteswold Naturalists* Field Club. Proceedings. 
1887-1888. 8vo. Gloucester; The Origin of the Cotteswold 
Field Club. By W. C. Lucy. 8vo. Gloucester 1888. 

The Club. 

Haarlem:—Musee Teyler. Archives. 8vo. Harlem 1888; Cata¬ 
logue de la Bibliothdqne. Livr. 7-8. 8vo. Harlem 1887-88. 

The Museum. 

Halle:—Verein fur Erdkunde. Mittheilungen. 1881. 8vo. Halle, 
1881. >>' The Verein. 

Hambnrg:—Naturhistorisches Museum, Bericht. 1887. 8vo. 

Hamburg 1888. The Museum. 

Helsingfors:—Finska Vetenslcaps-Sooietet. Acta. Tom. XV, 
4to. Helsingfors 1888; Bidrag till Khunedom af Finlands 
Natur ooh Folk. Haftet 45-47. 8vo. Helsingfors 1887-88; 
Ofversigt. XXVIII-XXIX. 8vo. Helsingfors 1886-87; Den 



Present*. 
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1888 .] 

Transactions ( continued ). 

Organisation och Yerksamhet. 1838-1888. 8vo. Helsingfors. 

The Society. 

Hertfordshire Natural History Society. Transactions. Vol. IV. 
Parts 8-9. Vol. V. Part 1. 8?o. London 1888. 

The Society. 

Konigsberg:—Physikalisch-Okonomisehu Gesellschaft. Schriften. 

Jahrg. XXVIII. 4to. Kdntgsbenj 1888. The Society. 

Li&ge:—Sooidtc Hoyale des Sciences. Memoires. Ser. 2. Tome 
XV. 8vo. Bruxelles 1888. The Society. 

Liverpool:—Astronomical Society. Journal. Vol. VII. Parti. 

8vo. Liverpool 1888. The Society. 

LondonEast India Association. Journal. Vol. XX. Nos. 3-5. 
8vo. London 1888. The Association. 

Entomological Society. Transactions. 1888. Part 3. 8vo. 

London . The Society. 

Institution of Mechanical Engineers. Proceedings. 1888. No. 2. 

8vo. London . The Institution. 

London Mathematical Society. Proceedings. Vol. XIX. Nos. 

314-316. 8vo. London 1888. The Society 

lloyal Medical and Chirurgical Society. Medico-0hirurgical 
Transactions. Vol. LXXi. 8vo. London 1888. The Society. 
Upaala:—Universitet. Arsskrift. 1887. 8vo. Upsala [1888]. 

The University. 

Vienna:—Anthropologische Gesellschaft. Mittheilungen. Bd. 

XVIII. Hefbe 2-3. 4to. Wen 1888. The Society 

K. Akademie der Wissenschaften. Denkschriften (Math.- 
Naturw. Classe) Bd. LIU. 4to. Wien 1887; Denkschriften 
(Philos.-Histor. Ciasse). Bd. XXXVI. 4to. Wien 1888; 
Sitzungsberichte (Math.-Naturw. ClasBo). Abth. 1. Jahrg. 
1887. Heffce 1-10. 8vo. Wien 1887-88. Abth. 2. Jah tg 
1887. Hefte 3-10. 8vo. Wien 1887-88. Abth. 3. Jahrg 
1887. Hefte 1-10. 8vo. Wien 1887-88; Sitzungsberichte 
(Philos.-Histor. Olasse). Jahrg. 1887, Hefte 2-3. 8vo. Wien 
1887-88; Almanach, 1887. 8vo. Wien, Tho Academy. 

K. K. Geologische Reiohsanstalt. Jalirbuch. Bd. XXXVII. 
Hefte 3-4. Bd. XXXVIII. Heft 3. 8vo. Wien 1888. 

The Institute. 

K. K. Naturhistorisches Hofinuseum. Annalen. Bd. III. Nr. 2. 
8vo. Wien 1888. The Museum. 


Basset (A. B.) A Treatise on Hydrodynamics. Vol. II. 8vu. 
Cambridge 1888. The Author. 
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Bristowe (J. 8.>, F.R.S. Diseases of the Senrcuu System. 8vo. 

London 1888. The Author. 

Capellini (Prof.) Rest! Fossili di Dioplodon e Mesoplodon. 4to. 
Bologna 188ft; Ottavo Centenario dello Studio di Bologna. 8vo. 
Bologna 1888. With five Kxderpts iu addition. 4to. Bologna 

1878-88. TheAuthor. 

Etheridge (R.), F.R.S. Fossils of the British Islands. Vol. I. 

Palajoaoic. 4to. London 1888. The Author. 

Gordon (C. A.) The Vivisection Controversy in Parliament. 8vo. 

London 1888. The Author. 

Jones (T. R.), F.R.S., and H. Woodward, F.R.S. An Undesoribed 
Carboniferous Fossil. 8vo. London 1868. With two other 
Excerpts in 8ro. Prof. Jones, F.R.S. 

King (G.), F.R.S. The Species of Ficus of the Indo-Malayan and 
Chinese Countries. Part 2. Folio. Calcutta 1888. 

The Author. 

Letnoine (E.) l)e la Mesure de la Simplicity dans leg Sciences 
Mathematiques. 8vo. Oand 1888. With two Excerpts in 8vo. 

The Author. 

Pitt-Rivors (A.), F.R.S. Excavations in Cranbome Chase. Vol. II. 

4to. [Privately Printed] 1888, The Author. 

Smith (J. C.) The Culmination of the Science of Logie. 8vo. 

Brooklyn 1888. The Author. 

Symons (G. J.), F.R.S. The Floating Island in Derwentwater*. its 
History and Mystery. Sm. 4to. London 1888. The Author. 
Turner (Sir W.), F.R.S. The Comparative Osteology of the Races 
of Men (and other papers, being certain Reports of the Voyage 
of HALS. “Challenger. 0 ) 4to. Bdinlmryh 1884-86. 

The Author. 

Vernon-HarcOurt (L. F.) Alpine Engineering. 8vo. London 1888. 

The Author. 
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Detenibei' 13,1888. 

Professor G. G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

1. “Spectrum Analysis of Cadmium.’ 9 By A. Grunwald, 
Professor of Mathematics in tho Imp. Hoy, German Poly¬ 
technic University at Prague. Communicated by Professor 
Livbing, F.R.S. Received November 26, 1888. 

[Publication deferred.] 


II. “ On the Bending and Vibration of thin elastic Shells, espe¬ 
cially of Cylindrical Form.” By Loud Rayleigh* M.A., 
• D.C.L., Sec. R.S. Received December 1, 1888. 

In a former publication* “On tho Infinitesimal Bending of Sur¬ 
faces of Revolution,” I have applied the theory of bending to explain 
the deformation and vibration of thin clastic shells; which are sym¬ 
metrical about an axis, and have worked out in detail the case where 
the shell is a portion of a sphere. The validity of this application 
depends entirely upon the principle that when the shell is thin 
enough and is vibrating in one of the graver possible modes, the 
middle surface behaves as if it were inextensible. “ When a thin 
sheet of matter is subjected to stress, the force which it opposes to 
extension is great in comparison with that which it opposes to bend¬ 
ing. Under ordinary circumstances, the deformation takes place 
approximately as if the sheet were inextensible as a whole, a condi¬ 
tion which, in a remarkable degree, facilitates calculation, though 
(it nded scarcely be said) even bending implies an extension of all 
bulb the central layers.” It we fix our attention upon one of the 
terms involving sines or cosines of multiples of tlie longitude, into 
which, seconding to FoUrfetVs theorem, the whole deformation limy 
be resolved, the condition of inextensibility is almost enough to 
define the type. If there are two edges, e.y., ]parallel to circle* of lati- 

* * London Mfctfe. See. Proc,/ vol IS, p. 4, November, 1681. 
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tude, the solution contains two arbitrary constants; but if a pole be 
included, as when the shell is in the form of a hemisphere, one of the 
constants vanishes, and the type of deformation is wholly determined, 
without regard to any other mechanical condition, to be satisfied ftt 
the edge or elsewhere. It will be convenient to restate, analytically, 
tho type of deformation arrived at [equation (5)]. If the point 
upon the middle surface, whose coordinates were originally a, 0, 0, 
moves to a-Hr, 0+60, 0 + 60, the solution is 

60 = A tan # ^0 cos *0 

60 = - A sin 0 tan'^0 sin *0 >.(1), 

6r = Aa (#+cos 0) tan'^0 sin *0 J 

0 being the colatitude measured from the pole through which the 
shell is complete. Any integiul value higher than unity is admis¬ 
sible for #. The value 0 and 1 correspond to displacements not 
involving strain. 

In a recent paper* Mr. Love dissents from the general principle 
involved in the theory above briefly sketched, and rejects the special 
solutions founded upon it as inapplicable to the vibration of thin 
shells. The argument upon which I proceeded in my former paper, 
and which still seems to me valid, may be put thus : It is a general 
mechanical principle* that, if given displacements (not sufficient by 
themselves to determine the configuration) be produced in a system 
originally in equilibrium by forces of corresponding types, the result¬ 
ing deformation is determined by the condition that the potential 
energy of deformation shall be &b small as possible. Apply this to an 
elastic shell, the given displacements being such as not of themselves 
to involve a stretching of the middle surface.J The resulting 
deformation will, in general, include both stretching and bending, 
and any expression for the energy will contain corresponding terms 
proportional to the first and third powers respectively of the thick¬ 
ness. This energy is to be as small as possible. Hence, when the 
thickness is diminished without limit, the actual displacement will be 
one of pure bending, if such there be, consistent with the given con¬ 
ditions. Otherwise the energy would be of the first order (in 
thickness) instead of, as it might be, of the third order, in violation 
of the principle. 

It will be seen that this argument takes no account of special 
conditions to be satisfied at the edge of the shell. This is the point 
at which Mr. Love concentrates bis objections. He considers that 

* “ On the email free Vibrations and Deformation of a thin elastic Shell,” 4 Phil. 

A, 1888. 

t 1 Phil. Mag./ March, 1875 j 4 Theoty of Sound/ $ 74. 

t There an oases when no displacement (involving strain at all) is possible 
without stretching of the middle surface, that of the complete sphere. 
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the general condition necessary to be satisfied at a free edge is in 
fact violated by such a deformation as (1). Bat the condition in 
question* contains terms proportional to the first and to the third 
powers respectively of the thickness, the coefficients of the former 
involving as factors the extensions and shear of the middle surface. 
It appears to me that when the thickness is diminished without limit, 
the fulfilment of the boundary condition requires only that the middle 
surface be nnstretclied, precisely the requirement satisfied by solutions 
such as (1). 

Of course, so long as the thickness is finite, the forces in operation 
will entail some stretching of the middle surface, and the amount of 
this stretching will depend on oircainstances. A good examplo is 
afforded by a circular cylinder with plane edges perpendicular to the 
axis. Let normal forces locally applied at the extremities of one 
diameter of the central section cause a givon shortening of that 
diameter. That the potential energy may be a minimum, the de¬ 
formation must assume more and more the character of mere bending 
as the thickness is reduced. The only kind of bending that can occur 
in this case is the purely cylindrical one in which every normal 
suction is similarly deformed, and then the potential energy is propor¬ 
tional to the total length of the cylinder. We see, therefore, that if 
the cylinder be very long, the energy of bending corresponding to the 
given local contraction of the oentrul diameter may become very 
great, and a heavy strain is thrown upon the principle that the 
deformation of minimum energy is one of pure bending. 

If the small thickness of the shell be regarded as given, a poiut 
will at last be attained when the energy can be made least by a 
sensible local stretching of the middle surface such as will dispense 
with the uniform bending otherwise necessary over so great a length. 
But even in this extreme case it seems correct to say that, when the 
thickness is sufficiently reduced, the deformation tends to become one 
of pure bending. 

At first sight it may appear strange that of two terras in an ex¬ 
pression of the potential energy, the one proportional to the cube of 
the thickness is to be retained, while that proportional to the first 
l»ower may be omitted. The fact, however, is that the large potential 
energy whioh would accompany auy stretching of the middle surface 
is the very reason why such stretching will not occur. The compara¬ 
tive largeness of the coefficient (proportional to the first power of the 
thickness) is more than neutralised by the smallness of the stretching 
itself, to the square of which the energy is proportional. 

In general, if be the coordinate measuring the violation of the 
tie which is supposed to be more and more insisted upon by increasing 


* See hit equation (39). 
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atAffbess, and it the other cobrdinates ha suitably fchObeh, the potential 
energy Of the tiysteta may be efcptessed 

This follows from the general theorem that V atid T may 
always be reduced to sums of squares simply, if vte suppose that 
T a 

The equations of equilibrium under the action of external forces 
♦ lf * • are thus 

*i**nh> ♦»**♦§.. 

hence if the forces are regarded as given, the effect of increasing c x 
without limit is not merely to annul 1 ^, but also the term in V which 
depends upon it. 

An example might be taken from the case of a rod clamped at one 
end A, and deflected by a lateral force, whose stiffness from the end 
A up to a neighbouring place B, is conceived to increase indefinitely. 
In the limit we may regard the rod as clomped at B, and neglect the 
energy of the part AB, in spite of, or rather in consequence of, its 
infinite stiffness. 

If it be admitted that the deformations to be considered are pure 
bendings, the next step is the calculation of the potential energy 
corresponding thereto. In my former paper, the only case for which 
this part of the problem was attempted was that of the sphere. 
After bending, “the principal curvatures differ from the original 
curvature of the sphere in opposite directions, and to au equal amount,* 
and the potential energy of bending corresponding to any element of 
the surface is proportional to the square of this excess or defect of 
curvature, without regard to the direction of the principal planes.” 
Though he agrees with my conclusions, Mr. Love appears to regard 
the argument as insufficient. But clearly iu the case of a given 
spherical shell, there are no other elements upon which the energy of 
bending could depend. “Thus the energy corresponding to the 
element of surface a 3 sin0 do d0 may be denoted by 

a*K(& P -'?*in0d0d4> .(2), 

where Jt depend upon the material and upon the thickness.'” 

fiy the nature of the case R is proportional to the elastic constants 
and fo the cube of the thickness, from which it follows by the method 
of dimensions that it is independent ot a, the radius of the sphere. 

* Tbit u in virtue of GaWs theorem (hat the product of the principal curva¬ 
ture# is unaffected by bending. 
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I did nOt, lit the time, attempt the further determination of H, not 
needing it for my immediate purpose. Mr. Love has shown that 


.(3), 

where 2 K represents the thickness, and n is the constant of rigidity. 
Why n alone should occur, to the exclusion of the constant of com¬ 
pressibility, will presently appear more clearly. 

The application of (2) to the displacements expressed in (1) gave 
[equation (18)] 

V = (s 8 — s) A, 2 [*H sin“ 8 0 i&n^OdO .(4), 

Jo 

0 being the colatitude of the (circular) edge. In the case of the 
hemisphere of uniform thickness 


V = l ttRX (**~ *) (2* 9 -1) A, 2 .(5). 

The calculation of the pitch of free vibration then presented no 
difficulty. If a denote the superficial density, and cos pi represent the 
type of vibration, p s corresponding to s = 2, p$ to s = 3, and so on, it 
appeared that 


Vi ■ 


■^x 5-2400, 

arc 


Vs 


a 2 a 


x 14*726* p 4 


v/H 

a 3 * 


x 28*462 5 


bo that 

Ps/Pi = 2 * 8102 * pjps ~ 6 * 4316 , 

determining the intervals between the graver notes. 

If the form of the shell be other than spherical, the middle surface 
is no longer symmetrical with respect to the normal at any poiut, and 
the expression of the potential energy is more complicated. The 
question is now not merely one of the curvature of the deformed 
surface; account must also be taken of the correspondence of normal 
sections before and after deformation.* A complete investigation 
has been given by Love; but the treatment of the question now to be 
explained, even if less rigorous, may help to throw light upon this 
somewhat difficult subject. 

In the actual deformation of a material sheet of finite extent there 
will usually be at any point not merely a displacement of the point 
itself, but a rotation of the neighbouring parts of the Bheet, such as a 

* tin extarte arts may serve a an illustration. Suppose that Ike bending it 
took that the principal planes retain their positions relatively to the xriaterlal su**> 
face, but that the principal curvatures arc exchanged. The nature of the oacVatuTe 
at the point in question is the same after deformation as before, and by a rotation 
through 9<P roOnd the normal the surfaces may be made to fit; nevertheless the 
energy of betiding is finite. 
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rigid body may undergo. All tbits contributes nothing to the energy. 
In order to take the question in its simplest form, let us refer the 
original surface to the normal and principal tangents at the point in 
question as axes of coordinates, and let us suppose that after deforma¬ 
tion, the lines in the sheet originally coincident with the principal 
tangents are brought back (if necessary) to occupy the same positions 
as at first. The possibility of this will be apparent when it is re- 
membered that in virtue of the inextenBibitity of the sheot, the angles 
of intersection of all lines traced upon it remain unaltered. The 
equation of the original surface in the neighbourhood of the point 
being 



that of the deformed surface may be written 

. m - 

In strictness^ + are the curvatures of the sections 

made by the planes x = 0, y = 0; but since principal curvatures are 
a maximum or a minimum, they represent with sufficient accuracy 
the new principal curvatures, although these are to be found in 
slightly different planes. The condition of inextonsibility shows that 
points which have the same * and y in (6) and (7) are corresponding 
points, and by Gauss’s theorem it is further necessary that 


= 0 .( 8 ). 

Pi Pi 

It thus appears that the energy of bending will depend upon two 
quantities, one giving the alterations of principal curvature, and the 
other t depending upon the shift (in the material) of the principal 
planes. 

In calculating the energy we may regard it as due to the stretchings 
and contractions under tangential forces of the various infinitely thin 
lamina into which the shell may be divided. The middle lamina 
being unstretched, makes no contribution. Of the other lamina, the 
stretching is in proportion to the distance from the middle surface, 
and the energy of stretching is therefore as the square of this 
distance. When the integration over the whole thickness of the shell 
is oarried out, the result is accordingly proportional to the cube of 
the thickness. 

The next step is to estimate more'precisely the energy correspond¬ 
ing to a small element of area of a lamina. The general equations in 
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three dimensions, es given in Thomson and Tait's' Natural Philosophy,’ 
§ 694, are 

ua — S, rib = T, nc =TJ.(9) 

Me = P- ff (Q+R)T 

M / = Q-» (R+P) >.(10), 

My = R-<7 (P+Q)J 

where = ~ .(11)* 

The energy to, corresponding to the nnit of volume, is givon by 
2w = (m+n) (c*+/*+y s ) 

+ 2 (m—ri) (fg+ge+ef)+n(a i +b i +c 3 ) .(12). 

In the application to a lamina, supposed parallel to xy, we are to 
take R = 0, S = 0, T = 0; so that 


9= -« 


e+f 


a — 0, 


h = 0. 


Thus in terms of the elongations e, /, parallel to x, y, and of the 
shear c, we get 


»=" {(<+/)■+ * *}.(i3>. 


We have now to express tho elongations of the various lamina? of a 
shell when bent, and we will begin with the case where r = 0, that is, 
when the principal planes of curvature remain unchanged. It is 
evident that in this case the shear c vanishes, and we have to deal 
only with the elongations e and / parallel to the axes. In the section 
by the plane of *a), let e, s' denote corresponding infinitely small 
arcs of the middle surface and of a lamina distant h from it. If ^ 
be the angle between the terminal normals, « = p x ^ y s = (p x +h) y[r t 
In tho bending, which leaves a unchanged, 


Hence 


S= hty = ha &(1 lpi)n 


and in like manner / hi (l//> 3 ). Thus for the energy U per unit of 

area we have 


* Iff U Young's modulus, it is Poisson's ratio, * is the constant of rigidity, 
Sftd (*»-}*) that of cubic compressibility. In terms of Laml's constants (A, p) } 
W •• A+* » - p. 
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40 -^{(,Ly + (.i-)- + ==- ; (,i +8 iy}, 

and on integration over the whole thickness of the shell (2ft) • 


U SB 


2nh» 




This conclusion may be applied at once, so as to give the result 
applicable to a spherical shell; for, since the original principal planes 
are arbitrary, they can he taken so as to coincide with the principal 
planes after bending. Thus t = 0; and by Gauss's theorem 


so that 


< —+ $— =5 0 , 

Pi P2 


-W 


05), 


where i/» _1 denotes the change of principal curvature. Since e s — f, 
g = 0, the various laminae are simply sheared, and that in proportion 
to their distance from the middle surface. The energy is thus a 
function of the constant of rigidity only. 

The result (14) is applicable directly to tho plane plate; but this 
case is peculiar in that, on account of the infinitude of /»„ p 2 (8) is 
satisfied without any relation between and Thus for a plane 
plate 

"•TfWrMl. (*». 

3 l/v pf p 3 / J 


w hare p x ~\ pj~\ are the two independent principal curvatures after 
bending. 


We have thus far considered t to vanish; and it regains to inves¬ 
tigate the effect of the deformations expressed by 

= .(17), 

where (, iy relate to new axes inclined at 4«*>° to those of a, y. The 
curvatures definod by (17) are in the planes of f, q, equal in numerical 
value and opposite in sign. The elongations in these directions for 


* It is hero assumed that m and » are independent of ft, that is, that the material 
is homogeneous* If wa efisoard this restriction, we emj form the conception of a 
shell of given thickness, whose middle surface is physically inox tangible, while yet 
the resistance to bending is moderate. In this way we may realise the types of 
deformation discussed in the prevent paper, wffAjo*< *%ppo*ia# IM tkinHea* to* be 
tyUitety email ; and the independence of sneh types upon conditions to be Mttfsgpd 
at'* free edge is perhaps rendered more apparent. 
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^ny lamina within the thickness of the shell are hr, —hr, end the 
corresponding energy (as in the case of the sphere just considered) 
takes the form 

= ^.(18). 


This enorgy is to be added* to that already found in (14) ; and we 
get filially 

BpS the complete expression of the energy, when the deformation is 
snob that the middlo surface is unextended. We may interpret t by 
means of the angle through which the principal planes are ahifted ; 
ijhus 

t = 2 x .(20). 

\/>3 /v 


It will now he in our power to treat more eomplefely a problem of 
great interest, viz., the deformation and vibration of a cylindrical 
shell. In my former paper I investigated the types of bending, but 
without a calculation of the corresponding energy. The results were 
aa follows.f If the oylinder ho referred to columnar coordinates 
*, r, 0, so that the displacements of a point whoso equilibrium co¬ 
ordinates are*, a, 0 are denoted by Sz, Sr, aS<j>, the equations express¬ 
ing ^extensibility take the form 


dee 

dz 


= 0 , 


< 2i >- 


from which we may deduce 


d g 30 

dz % 


0 


( 22 ). 


By (22), if 30oc coae0, we may take 

a$0 s? (A*a+ B,*) oofl<0,. ... (23), 

and then, by (21) 

Sr as 9 (Aja+B f s) sin s0. (24), 

Sz as —rVBi* sin 80.,.(25). 


* There are clearly no terms involving the products of r with the change* of 
principal curvature i(pr‘), ; for a change in the sign of t oan hare no 

ktfluenoe upon the energy of the deformation defined by (7). 

t The method of investigation U similar to that employed by Jcllet in his 
memoir (“ On the Properties of Inextensible Surfaces ” * Irish Acad. Trans./ to). 22 , 
1855, p. 179), to which reference should haye Jwen m$4* 
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If the cylinder be complete, i is integral; A a and B, are independent 
constants, either of which may vanish. In the latter case the dis¬ 
placement is in two dimensions only.* It is unnecessary to stop to 
consider the demonstrations of (21), inasmuch as these equations 
will present themselves independently in the course of the investiga¬ 
tions which follows. 

It will be convenient to replace £ 2 , £r, a £0 by single letters, which, 
however, it is difficult to choose so as not to violato some of tho usual 
conventions. In conformity with Mr. Love's general notation, I will 
write 

£2 = «, o£0 = v, hr as to . (26). 

The problem before us is the expression of the changes of principal 
curvature and shifts of principal planes at any point P ( 2 , 0) of the 
cylinder in terms of the displacements w, v, w. As in (6), take as 
fixed co-ordinate axes the principal tangents and normal to the 
undisturbed cylinder at the point P, tho axis of x being parallel to 
that of the cylindor, that of y tangential to tho circular section, and 
that of £ normal, measured inwards. If, as it will bo convenient to 
do, we measure z and 0 from the point P, we may express the undis¬ 
turbed coordinates of a material point Q in the neighbourhood of P, 
by 

x—t, y — wp, £ = .(27). 

During the displacement the ooordinatos of Q will receive the 
increments 


to sin0+v cob0, — tocos 0+esin0; 
so that after displacement 

X = * + U, y m O0 + W0 + t>(l—$0*), 

or if u, v, w be expanded in powers of the small quantities *, 0, 


*"* + *» + V + ^ + .<*»• 

y ■ af+W'fp+t . (29). 


• See 'Theory of Sound,* $ 288. 
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„ , dio cho 


.1 t Q , a <&W , . d*W 

+ J ^3 «»- ^ *0-i ^ 


,dv dv ^2 




(30), 


tfy, % . . . being the values of u t v at the point P. 

These equations give the coordinates of the various points of the 
deformed sheet. We liavo now to suppose the sheet moved as a rigid 
body so as to restore the position (as far as tho first power of small 
quantities is concerned) of points infinitely near P. A purely translator^ 
motion by which the displaced P is brought back to its original posi¬ 
tion will be expressed by tho simple omission in (28), (29), (30) of 
the terms u {)i <j ( i , to 0 respectively, which are independent of z, 0. The 
effect of an arbitrary rotation is represented by the additions to 
jCj y t £ respectively of y0% — £0 2 , £0 t — aiftj, x0 2 — y0 x ; where for the 
present purpose 0 lf 0 3 , 0 3 arc small quantities of the order of the 
deformation, the square of which is to be neglected throughout. If 
we make these additions to (28), &c., substituting for ar, y 9 £ in tlio 
terms containing 0 their approximate values, we find so far as the 
first powers of z, 0 


x 


du du 

z+ w 0 s+ M 


<j)+<uf>0 3 , 


y = iup+u’ u 't>+ 


dv 

dz. 


S + 


ill) 

'Mi 


<f>—sO A , 


r 


dw dw 

*TT *~ °\• 

1 


d0o 


Now, since the sheet is assumed to be inextensible, it must be pos¬ 
sible so to determine 0j, 0 2 , 0 3 that to this order x = *, y — «0, £ = 0. 


Hence 


du 



jHs* 

u 

o 


-0$ = 0, 

w <* + i£= 0 ’ 

o 

II 

+ 

Sr’"* 0 **- 0 - 


The conditions of inexteneibility are thus (if we drop the suffices 
Ml no longer required) 

XLY» 


i 
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On the 

du dv 
&p +a du ~ 


[Deo. 13, 
0... (31), 


which agree with (21). 

Returning to (28), Ac., as modified by the addition of the trans¬ 
lator/ and rotatory terms, we got 

x ss z + terms of 2nd order in z , 0, 


y = a0-t- 


»9 


S = l a4 i> + ± 1Bo <P-±— 



Z 0 






dv 

d$o 




or since by (31) iPie/dz 9 = 0, and dv/dQ =s — to, 

dho 

d* o J 


f = iwtf0 2 - 


■*-*s*+£* 


^0^00 «*W “®0 

The equation of the deformed surface after transference is thus 

fl dv 1^1, Jl 1 1 

^ ^ 12a 2 2a* <20^® / * ? ** ^ 

Comparing with (7) we see that 

1 A .1 1 / _1/rfv drw \ 

o— a s( te + d ^} T ~a(dz dzd$)"" (33); 

so that by (19) 

TT 4nh* f m 1/ (Pu>\* (dv d 3 w \SI 

U_ 3a*' l i»+» a*V , ’ + d0* ) + (<fo dzcUj>) ) " < S4) * 


This is the potential energy of bending reckoned per unit of area. 
It can if desired be expressed by (31) entirely in terms of i?.* 

We will now apply (24) to calculate the whole potential energy of 
a complete cylinder, bounded by plane edges z = ±1, and of thick. 

* From Mr. Lore’s general equations (12), (13), (IS) a concordant result may be 
obtained by introduction of the apeoial condition*— 

&i»l/a, l/pi«0, 1/pj m l/ a » 

limiting the problem to the case of the cylinder, and of those 

e, - * a - m - 0 t 

aliich expre«g the ^extensibility of the middle surface. 
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nets which, if variable at all, is a function of s only. Since u 9 v, to 
are periodic when 0 increases by 2w, thoir most general expression in 
accordance with (31) is [compare (23), Ac.] 

t> = 2[(A,a+B,z) cos*0—(A/a+fi/s) sins0].(35), 

w = 2[* (Ajo-f B,z) sins0+s (A/a+B/z) cos«0].... (36), 

u =s 2[ —sin«0—t^B/a coss0]. (37), 


in which the summation extends to all integral values of s from 0 
to oo. But the displacements corresponding to s = 0, s = 1 arc 
such as a rigid body might undergo, and involve no absorption of 
energy. When the values of u 9 v, w are substituted in (34) all the 
terms containing products of sines or cosines with different values of 
s vanish in the integration with respect to 0, as do also those which 
contain cos «0 sin «0. Accordingly 



3a 


r w j_ 

L»i+» a 3 


2 




{ (A f o+B,*) 3 + (A ( 'a+B,'*) J } +2 (**-!)» (B^+B/*)] .. (38). 


Thus far we might consider A to be a function of z ; but we will now 
treat it as a constant. In the integration with respect to a the odd 
powers of z will disappear, and we get as the energy of tho whole 
cylinder of radius a, length 21, and thickness 2A, 

:J J \Jad(j>dz 


g rilhH 
3a 




+ (B,*+B/»)} + B, a +B/»].(39), 


in whieh s = 2, 3, 4,.. . . 


The expression (3D) for the potential energy suffices for the solu¬ 
tion of statical problems. As an example we will suppose that tho 
cylinder is oompressed along a diameter by equal forces F, applied at 
the points * = z v 0 = 0, 0 = v, although it is true that so highly 
localised a force hardly comes within the scope of the investigation in 
consequence of the stretchings of the middle surface, which will 
# i 2 
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occur in the immediate neighbourhood of the points of applica¬ 
tion.* 

The work done upon the cylinder by the forces F during the 
hypothetical displacement indicated by BA 3} &c., will be by (36) 

-FS* (a«A/+VB/) (1 + cos#tt), 

so that the equations of equilibrium are 


dv 

IK, 


= 0 , 


dv 

dB t 


= 0. 


dv 

Za7 


= — (l+cos s?r) saF, 


dv 

5b? 


— (I+cossr) 8Z X V. 


Thus for all values of a, 

A,= 33 = 0; 


and for odd values of 


A,' = 13/ = 0. 


But when a is even, 

, __ Sm*F 
m+ii “ BmW(«"-l)" 


(40), 


in*- 


—+i 

Liu + n dcr 


} b; = 


3*02^ 


(41) 5 


and the displacement w at any point (ar,0) is given by 

w = 2(A 3 'a+B Js) cos 20+4 (A/a+B 4 's) cos 404*.(42), 

where A/, B 2 \ A/, . . . . are determined by (40), (41). 

If the cylinder bo modorately long in proportion to its diameter, 
the second term in the left hand member of (41) may be neglected, bo 
that 

JL — — 

3a 2 z x a 

In this case (42) may be written 

» = (l+^)<2V a cos 204^4A/a cos 404“ • ■ • (43), 


# Whatever the curvature of the surface, an area upjn it may be taken so small 
as to behave like a plane, and therefore bend, in violation of Gauss's condition, when 
subjected to a force which is so nearly discontinuous that it varies sensibly within 
the area. 
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showing that, except as to magnitude and sign, the curve of deforma¬ 
tion is the same for all values of z x and e. m 

If * = + x x , the amplitudes avo in the ratio 1 + 3« l 2 /Z 2 ; and if, 
further, z x = 2, t.e., if the force bo applied at one of the ends of the 
cylinder, the amplitudes are as 2 : — 1. The section where the 
deformation (as represented by w) is zero, is given by 35 ^+ 2® = 0, 
in which if = 7, « = —^2. 

When tho condition as to tho length of the cylinder is not imposed, 
the ratio B/ : A,' is dependent upon s, and therefore the curves of 
deformation vary with z , apart from mere magnitude and sign. If, 
however, we limit ourselves to the more important term s = 2, we 
have 


and 


4m = f 4m l« 

m + n a 1 m + n 3a- 2 / z x 9 

= 2B -'{ £(•£ + nsf) + -'} C0H ^ : 


so that io vanishes when 


zz v l 3 Hi-j-n 

a 3 3a 3 4m 


= 0 


(44). 


This equation may be applied to find what is the length of the 
cylinder when the deformation just vanishes at one ond if the foreo 
is applied at the other. If z x = — z = l, 

For many materials <x [equation (11)] is about or m = 2w. In 
such cases the condition is 


l — 

It should not be overlooked that although w may vanish, u remains 
finite. 

Reverting to (23), (24), (25) we see that, if tho cylinder is open at 
both ends, there are two types of deformation possible for each value 
of $, If we suppose the cylinder to b<f closed at z = 0 by a flat disk 
attached to it round the circumference, the inextensibility of the disk 
imposes tho conditions, to = Zr = 0, v ~ afty = 0, when z = O.f 
Hence A, = 0, and the only deformation now possible is 

* That io is unaltered when z and s x arc interchanged is an example of the general 
law of reciprocity. 

t ^ being greater than 1. 
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v = a£0 = Big cos «0 

10 = cr = *B, 2 sin $0 



(45). 


Another disk, attached where z has a finite value, would render the 
cylinder rigid. 

Instead of a plane disk let ns next suppose that the cylinder is 
closed at z = 0 by a hemisphere attached to it round the circum¬ 
ference. By (1) the three component displacements at the edgo of the 
hemisphere (0 = Jsr) are of the form 


v as a $0 = a cos 8 <j>. 
w = atO = —a sin $0. 

10 = dr = sa sin 8<f>. 

Equating these to the corresponding values for the cylinder, os given 
hy (23), (24), (25), we get 

A* = 1, B, = s; 

so that the deformation of the cylinder is now limited to tlio type 
v = (a+sz) cos *0 ^ 

w = b (a+rc) sin 8(f> >.(46), 

u = —a sin sif> J 

in which we may, of course, introduce an arbitrary multiplier and an 
arbitrary addition to 0 . If tho convexity of the hemisphere be turned 
outwards, z is to be considered positivo. 

In like manner any other convex additions at one end of the 
cylinder might be treated. There are apparently three conditions to 
be satisfied by only two constants, but one condition is really ro- 
d and ant, being already secured by the inextensibility of the edges 
provided for in the types of deformations determined separately for 
the two shells. Convex additions, closing both ends of the cylinder, 
render it rigid, in accordance with Jellet’s theorem that a closed 
oval shell cannot be bent. t 

It is of importance to notice how a cylinder, or a portion of a 
cylinder, oan not be bent. Take, for example, an elongated strip, 
bounded by two generating lines subtending at the axis a small 
angle. Equations (31) [giving cPwjdr* = 0 ] show that the strip 
cannot be bent in the plane containing tho axis and the middle 
generating'line.* The only bending symmetrical with respect to this 

* This is the principle upon which metal is corrugated. 
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plane is a purely cylindrical one which leaves the middle generating 
line straight. There are two ways in which we may conceive the 
strip altered so as to render it susceptible of the desired kind of bend¬ 
ing. The first is to take out the original cylindrical curvature, which 
reduces it to a plane strip. The second is to replace it by one in which 
the middle line is curved from the beginning, like the equator of a 
sphere or ellipsoid of revolution. In this case the total curvature 
being finite, the Gaussian condition can be satisfied by a change of 
meridianal curvature compensating the supposed change of equatorial 
curvature. It is easy to calculate the actual stiffness from (8) and 
(14), for here r = 0. We have 




which expresses the work per unit of area corresponding to a given 
bending ipj" 1 along tbo equator. If p Y = oo, the cylindrical strip is 
infinitely stiff. If tho curvature bo spherical, /> 3 = p x > and 


and if /> 3 = oo, 


U = 


4 nh $ 


4 nh 3 ^ 1 Y 

8 V pj 

. (45); 

t-s- (»iy. 

m+n\ ft/ 

.(49). 


Whatever the equatorial curvature may be, tho ratio of stiffnesses in 
the two cases is equal to m : m+n, or about 2 : 3, the spherically 
curved strip being the stiffer. 

Tho same principle applies to the explanation of Bourdon’s gauge. 
In this instrument there is a tube whoso axis lies along an arc of a 
circle and whose section is elliptical, tho longer axis of the ellipse 
being perpendicular to tho general plane of tho tube. If we now 
consider the curvature at points which lie upon tho axial section, we 
learn from Gauss’s theorem that a diminished enrvaturo along the 
axis will be accompanied by a nearer approach to a circular section, 
and reciprocally. Since a circular form has the largest area for a 
given perimoter, internal pressure tends to diminish tho eccentricity 
of the elliptic section and with it the general curvature of the tube. 
Thus, if one end be fixed, a pointer connected with the free end may 
be made to indicate the internal pressure. 9 

9 Dec. 19.—It appears, however, that tho bending of a curved tube of elliptical 
section cannot be pure, since the parts of the walls which lie furthest from the 
circular axis are neoessarily stretched. The difficulty thus arising may be obviated 
by replacing the two halves of the ellipeo, which lie on either side of the major 
axis, bj two symmetrical curves which meet on the major axis at a fluit* angl$. 
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We will now proceed with the calculation for the frequencies of 
vibration of the complete cylindrical shell of length 21. If the 
volume-density be wo have as the expression of the kinetic energy 
by means of (35), (36), (37). 

T = -J. 2Jip. jj (w 2 +v 2 +w 2 )atf0cZ3 

= 2 */>hla 2 {« 3 (1+* 3 ) (A.+A/ 2 ) 

+ l¥*( l+* 3 )+<r 2 a a ] (B, 3 +B/ 3 )}.(50). 


From these expressions for V and T in (39), (50) the types and fre¬ 
quencies of vibration can be at once deduced. The fact that the 
squares, and not the products, of A„ B„ are involved, shows that 
these qnantities are really the principal coordinates of the vibrating 
system. If A„ or A/, vary os cos p»t y wo have 


9 _ 4 mn 

s 2 +l 


(51). 


This is the equation for the frequencies of vibration in two dimen. 
sions.f For a given material, the frequency is proportional to the 
thickness and inversely as the square on the diameter of the 
cylinder. J 

In like manner if or B/, vary as cos p a ’t, we find 


l i fo 2 M+n 

'2—4 mn (flzfl 3 * 9 ^ 2 w 
® r\i+n /la 1 * 2 +1 , 3a 2 

1 + (*+j«) l* 


(52). 


If the cylinder be at all long in proportion to its diameter, the 


According to the equations (in columnar co-ordinates) of my former paper, the 
conditions that tr, lz shall be independent of p lead to— 


9r - C r, 


f.o 

dz 



0, 


where C is an absolute constant. 

The ease where the section is a rhombus ( dr/ds « dr tan a) may be mentioned. 

The difficulty referred to above arises when drjdt » oo. 

* This can scarcely be confused with the notation for the curvature in the pro* 
ceding parts of the investigation. 

f See ' Theory of Sound,* § 233. 

X There is nothing in these laws special to the cylinder. In the case of similar 
shells of any form, vibrating by pure bending, the frequency will be as the thick, 
nesses and inversely as corresponding arena. If the similarity extend also to the 
thickness, then the frequency is inversely as the linear dimension, in aooordanoe 
aith the general law of Cauchy, ^ 
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difference between p,‘ and p, becomes very small. Approximately in 
this case 




w + «, 


in 



or if we* take m = 2 n, s = 2 , 


,, , , 7a 3 

Vilp s = i+ m - 


In my former paper I gave the types of vibration for a circular 
cone, of which the cylinder may bo regarded as a particular cano. 


In terms of columnar coordinates (z, /*, 0 ) wo have 

^0 = (A,+Bj-r 1 ) cos #0 . (M), 

Sr ss tf tan 7 (A, 2 +B,) sin #0 . (54), 

& — tan 3 7 s (A^js-j-B,,)] sin s<j> . (56), 


7 being the semi-vertical angle of the cone. For the calcula¬ 
tion of the energy of bending it would be simpler to use polar co¬ 
ordinates (r, B y 0 ), r being measured from the vertex instead of from 
the axis. 

If the cone be complete up to tho vertex, we must suppose, in 
(53) Ac., B, = 0. And if we proceed to calculate the potential 
energy, we shall find it infinite, at least when the thickness is uni¬ 
form. For since A* is of no dimensions in length, the square of the 
change of curvature must be proportional to k?z~*. When this is 
multiplied by zdz, and integrated, a logarithm is introduced, which 
assumes an infinite value when a* = 0 . The complete cono must 
therefore be regarded as infinitely stiff, just as tho cylindor would be 
if one rim were held fast. 

If two similar cones (bounded by circular rims) are attached so 
that the common rim is a plane of symmetry, the bending may be 
such that the common rim remains plane. If the distance of this plane 
from the vertex be « lt the condition to be satisfied in (53) Ac., is 


that Sz = 0 where z = z v Hence 

00 = A, jl—jcoa «0 .(5C) f 

Sr = e tan <y A. ^ z —J si® *0 .(57), 

(:■=/) tan 2 v A, fo—«} 


(58). 
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III. “An Investigation of a Caso of Gradual Chemical 
Change/’ By W. H. Pendlebury and M. Seward. Com¬ 
municated by A. G. Vernon IIarcouut, Esq., F.R.S. 
Received November 27, 1888. 

(Abstract;.) 

The case of gradual chemical change with which the present investi¬ 
gation deals is that between hydrogen chloride and potassium chlorate, 
and also its reaction with hydrogen chlorate whether alone or in pre¬ 
sence of potassium chloride. t 

When dilute solutions of a chlorate (as for instanco potassium 
chlorate) and hydrogen chloride are mixed together, the liquid slowly 
acquires a chlorous smell, and there is a gradual liberation of oxidising 
material, chlorine, and oxides of chlorine. These immediate products 
oannot easily be investigated, for if the mixture is left to itself so 
that they accumulate in it, the gradual reaction first observed is 
stopped, and there ensuos decomposition of tho usual complex nature 
of these unstable solutions of chlorine and its oxygenated com¬ 
pounds. 

But if a small quantity of potassium iodide is present it will be 
decomposed by these substances, and iodine will be gradually 
liberated as the final product of the reaction we have mentioned. 

Now Mesprs. Haroourt and Esson, in their work on a gradual 
chemical change, measured tho rate at which iodine was liberated in 
a liquid by ascertaining the time taken for a known quantity of 
sodium thiosulphate added to that liquid to be entirely decomposed. 
A small quantity of starch solution was added at tho same time, and 
served as the signal of the presence of free iodine, which meant that 
the measured quantity of sodium thiosulphate was exhausted. Tho 
observation to be made was of the interval of time which elapsed 
between the addition of the thiosulphato and the first appearance of 
a blue staiHsh coloration. 

The same measurement and the same signal served our purpose. 
The first obvious difference between the two reactions is that, whereas 
in the former one (between hydrogen dioxide und hydrogen iodide) 
iodine was the primary result, in the later one it is a secondary 
result. This proved an unimportant difference. The secondary reac¬ 
tion between potassium iodide and the results of the first is, by 
comparison, instantaneous. But another difference is of great im¬ 
portance. In their reaction the rate of decomposition beo&me 
gradually slowor, as one of the substances reacting continued to 
decrease sensibly in amount, and finally disappeared. In this reaction 
the amount of each substance decomposed bears an infinitely small 



125 


1888 .] A Case of gradual Chemical Change . 

ratio to the amount of each present; the composition of the mixture 
thus remains practically unchanged, and the rato of decomposition 
in each mixture is constant. Each experiment then is brought to an 
arbitrary close as soon as the constant velocity has been determined 
by the observation of a few intervals. The subjects of investigation 
were: the comparison of the velocities in different mixtures, and thus 
the establishment of laws connecting variation in velocity with varia¬ 
tion of each of the ingredients. 

In a large number of experiments hydrogen chlorate was used. Mix¬ 
tures of dilute solutions of the two acids, chloric and hydrochloric, were 
made in various proportions ; being arranged in several series in each 
of which the amount of one of the acids present was varied in arith¬ 
metical progression, and the effect upon the rate investigated. Then 
the effect of the presence of certain quantities of potassium chloride 
upon tho rate was observed, for the purpose of connexion with a new 
series of experiments. In these potassium chlorate and hydrogen 
chloride were used, and series for variation of one of tho ingredients 
taken as before. The effect of varying the quantity of potassium 
iodide present and that of varying the temperatures wore also 
observed. 

The results may be thus briefly summarised :— 

Variation in Hydrogen Chlorate .—The rate varies with the amount 
of hydrogen chlorate, in tho first place, directly, as a substance 
taking part in the chemical reaction ; and in the second placo with a 
small acceleration proportional to the quantity present, so that the 
substance has a coefficient of action independent of its being a parti¬ 
cipant in tho reaction. Thus— 

E * oQ (l + 5Q) f 

where Q represents quantity, R rate, a and h constants. 

Variation in Hydrogen Chloride .—The variation of tho rate with 
that of hydrogen ohioride is not of this simple nature. It would 
seem to be (1) an effect of the secondary order above mentioned 
(accelerative) on the decomposition of hydrogen chlorate by itself, 
and in addition to this (2) an effect of both primary and secondary 
order on the decomposition of hydrogen chlorate with hydrogen 
chloride. 

Variation in Potassium Chloride. —The addition of this salt has a 
small accelerative effect on the normal rate proportional to its quan¬ 
tity. It thus appears to be a neutral salt not taking part in tho 
reaction. 

If a mixture of solutions of potassium ohlorate and hydrogen 
chloride in moleoular proportion between 1 : 2 and 1: 12 is made, 
complete double decomposition ensues, the hydrogen chlorate formed, 
in presence of the hydrogen chloride remaining, liberates oxidising 



Mr. A. Mallock. 


126 


[Dec. 19, 


material, and the potassium chloride formed exercises its specific 
influence on this reaction. 

The secondary action upon potassium iodide producing iodine is 
practically An instantaneous one, unless the quantity of this substance 
is below a certain minimum. Below this the velocity observed in the 
mixture will be less than normal. The effect of increasing the amount 
of this substance to much greater than tho minimum is closely analo¬ 
gous to that of a similar increase of any neutral salt. 

The velocity is an exponential function of the temperature, as was 
observed in Messrs. Harconrt and Esson’s investigations, As the 
latter increases in arithmetical progression, the former increases in 
geometrical progression. The rate is about doubled for a rise of 5° C. 
Tho ratio in this progression is not, however, absolutely constant, but 
varies a littlo with tho temperature at which it is taken. Thus 
between 0° and 15° C. the rate is a little more than doubled for a 
rise of 5°; between 20° and 30° it is a little less than doubled. 


IV. “ Determination of the Viscosity of Water.” By A. MallocK. 
Communicated by Lord Rayleigh, Sec. R.S. Received 
November 30, 1888. 

The experiments bore described, which were made during April and 
May of tho present year (1888), to determine the constant of viscosity 
of water, may be of some interest on account of the newness of the 
method employed, and also as being on rather a larger scale than 
other experiments which have been made with tho same object. 

Fig. 1 gives a section of tho apparatus used. 

A and B are two coaxial cylinders; of these A is mounted on tho 
vertical axis E, and can be made to rotate by a belt passing over the 
wheel F. B is suspended by a long fine wire 0, and the annular space 
between A and B is fillod with water or any other fluid to be experi¬ 
mented on. 

A little way above tho lower edge of B is fixed on air-tight dia¬ 
phragm D, so that when the space between the two cylinders is filled 
with liquid air is inclosed under D, and the liquid touches B only on 
the cylindrical surface. 

The interior of B above D is filled with water which serves the 
purposes of checking the torsional vibrations of B, of preventing any 
rapid change of temperature of the liquid in the annulus, and of 
holding the thermometer. 

The experiments were made by driving the cylinder A at a uniform 
speed and recording the angle through which B is turned when it 
comes to rest under the action of the fluid friction on its cylindrical 
surface and the torsion of the suspending wire C. A was driven by 
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a remontoir weight in connexion with a governor, and the speed 
recorded electrically on a chronograph by means of a contact maker 
on the axis E. 

The torsion of the wire 0 was measured on a divided circle E, 
attached to B. 

To get the absolute value of the torsion-scale tho following method 
was used:— 

W (fig. 2) is a small weight hung at the end of a silk threud S in 
the neighbourhood of tbo torsion-wiro C. H is the divided circle on 
B. Prom S a second thread, L, is taken to the circumference of H. 
The point of W is over a horizontal scale, and a leading of its position 
taken when there is no strain on L, that is, when S is hanging verti¬ 
cally. The weight W is then displaced by uwclamping the circle H 
from B and winding up the thread L .round its circumference, then 
reolaanping H and allowing things to come to rest; readings are then 
taken of the displacement of W and the position of H. After this 
tiie thread L is cat and the position of H read again. 
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These experiments give directly the force which a known angular 
twist of the wire exerts at the known radius of the divided circle. 

These experiments are recorded below, and it will be seen that the 
results are very fairly consistent. 

The dimensions of the various parts of the pppar&tas aits given in 
the computation of the viscosity constant. 

In making the experiments on viscosity the velocity of the cir¬ 
cumference of the cyliudor A was made to vary from 0*5 to 50 metres 
per minute. 

It was found that at all these speeds the force tending to turn the 
inner cylinder B could be represented by the sum of two terms, one 
varying as the velocity and the other as the square of the velocity ; 
the latter being small compared to the former, even at the highest 
speed. See Diagram 1. 

The cause of the square term seems to be that, owing to the action 
of the bottom of the revolving cylinder, a circulation is set up in the 
fluid in tho annulus, the flow being up the Bide of the revolving 
cylinder and down the side of the stationary one, the result being that 
the fluid having the velocity due to a position near the outer cylinder 
is by this circulation continuously carried towards the inner one, 
thns making the variation of velocity in the neighbourhood of the 
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latter greater than it would otherwise be.* Ab far as could be 
observed there was no trace of eddies with axes parallel to that of the 
cylinders. The proportion between the two termB depends on the 
ratio between the length of the cylinders and the breadth of the 
annulus, the square term becoming smaller and smaller compnrod to 
the other as the ratio increases. 

It was found that when the temperature of the fluid was altered 
the coefficient of the term varying as the velocity changed, but that 
the coefficient of the square term remained unaffected. 

The value of the viscosity constant deduced from these experiments 
agrees closely with that obtained from the experiments of Puisenillo 
on the flow of liquids through capillary tubes. 

I now proceed to give the method and the numerical data which 
were employed in the computation. 


Let r x = radius of oylinder B.= 4 636 

r # « „ „ A.= 5 017 


h = depth of immersed surface of B .... = 1107 
v = linear velocity of surface of A, 

0 = torsional angle through which B is tnrned by tho action 
of the water; 

F s k 0 =s jc (Ar + Bv 9 ) as whole tangential forco; 
fi = coefficient of viscosity; 

the units being the gram, centimetre, and second. 

If instead of being in an annulus the water was contained between 
two parallel planes of infinite extent, the distortion caused by 
tbe motion of one of these planes parallel to tho other would be 
uniform throughout tho whole mass of enclosed fluid. But in the case 
of the liquid enclosed between two cylinders, although the distor¬ 
tion is uniform over each cylindrical surface in the fluid coaxial with 
the enclosing cylinders, yet it changes in passing from one such 
surface to another, increasing as the radius decreases. In fAot, since 
the total moment transmitted by each surface is constant,f the rate of 
distortion necessary to produce this moment must be inversely as the 
area of the surface and radius of the cylinder at which it occurs; 
that is, the rate of distortion at radius r is proportional to 1 /r B , hence 
the value of dvfdr at r is— 

• Professor J. Thomson has pointed out that a circulation having a very similar 
origin must to Ice place m a stream when flowing round a bend. 

+ [A correction has been introduced here, and in the equations (1), (2), (3). 

It was originally stated that the forco transmitted was constant, but the error 
was pointed out to me by lord Rayleigh. In consequence of this error tbe 
numerical values of subsequently given must be multiplied by V08.—Januaiy 1, 
1880 .] 
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. ( 1 ). 


dv _ kAv' r g 
<Zr /t 2vr^, 


where v r is the velooity at r s . 

Integrating between r 2 and r 0 with the conditions that when r = r, 
vsQ, and when r = r gt t; = i/ , 


fl 2n7*i/t 


( 2 )» 


whence /i = irA^~l .(3). 

The numerical value of A is that of dO/dv at the origin of tho curve 
in Diagram 1. Tho ordinate 0 being the circnl&r measure of the 
angle through which the cylinder B is turned by the viscosity of tho 
water when the cylinder A has the velocity v represented by the 
abscissa in centimetres per second. 

To determine * the following measures were made:— 

In fig. 2 let w = weight of W, 

ED b , 

1)'D = e, 

POP = 0, 

OP = R. 

x is the displacement of w from tho vertical caused by the torsion of 
the wiro G through the angle 0 acting at radius R. 

f rr R . « 

• * * n — 0 S V: , 

*1 & 

. 

aud * = w m>i . (4) - 

The experiments gave the following values for z and 0 :— 




X C.ttl. 

f- 

log */*. 

Experiment 1 

.... 10-51 

.... 316-6 

.... 2-51109 


2 

.... 8-08 

.... 245-4 

.... *51759 

99 

3 

.... 92 

.... 276-8 

.... *52162 

99 

4 

.... 9-88 

.... 2980 

.... *52044 

99 

5 

.... 10-8 

.... 3240 

.... *52287 

99 

6 

.... 10-62 

.... 321-0 

.... *51961 



Mean 


. *52092 
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Also log w » 0 a 81151 log E == 106354 

log rj = 0*53705 log b « 

1-34856 3-25583 

log R6 = 3*25583 


2*09273 
log Z = 2*52092 
0 _ 

461365 

Multiplying by 57*3 
to convert to 
circular measure 

log 57*3 = 1*75815 

2*37180 

Whence * = 0*02354. 

The diagrams, which were taken at random from many similar ones 
plotted during the course of the experiments, give A at tho tempera¬ 
tures at 4°, 13*8°, and 48° C. 


Wo have 

A. 

= 

0-0582. 


A«-b 

=* 

0-0458. 


OD 

◄ 

= 

0-023. 

Also sinoe 

K 

s= 

002354, 


U 

= 

5017, 


h 

= 

1107, 


r %- T l 

= 

0-381, 

we have 

‘V/a“ r l) 

2 irr 2 h 

= 

2-606 xlO- 6 , 

whence 

H 

=: 

15-166 x 10 -7 , 



= 

11-93. 


/*48 

= 

5-99 .... 


The results are shown in the form of a curve in Diagram 2, tho 
ordinates being the values of Mr and the abscissa the temperature.' 

Ppiseuille^s results are shown by the dotted curve. 

*The chief interest of these experiments, beyond that attaching to 
an independent determination of ft by a now method, lies in the com- 
paft&tftty high velocities at which the viscous forces remain the 
pAfcciianl oapse of resistance. 

*6lifTTv. ' K 



132 Determination of the Viscoeity of Water . [Dec. 13, 

In nil other experiments on fluid friction with which 1 am acquainted 
(those on capillary tubes excepted) the term depending on the square 
of the velocity becomes the most important at speeds far below those 
uBed in this series. 

Many experiments were made on the viscosity of fluids other than 
water, but as 1 find that the results do not differ materially from 
those of Poiseuille it is unnecessary to give them here. 

DlAGUA&l l. 


Diagram S3. 
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Presents, December 18, 1888. 

Transactions. 

Glasgow :—Philosophical Society. Proceedings. Yol. XIX. 8 vo. 

Glasgow 1888. The Society 

Gloucester:—Cotteswold Naturalists' Field Club. Proceedings 
Vol. IX. Part 2. 8 vo. Gloucester [1888]. The Club. 

Innsbruck:—Ferdinandeum fur Tirol und Vorarlborg. Zeit- 
schrift. Folge III. Heft 32. Svo. InnsbruckllSSS . 

The Ferdinandeum. 

Naturwisscnschaftlioh-Medizinischer Verein. Bericlito. Jabrg. 
XYIT. 8vo. Innsbruck 1888. The Verein. 

Jena:—Medizinisch-Naturwissenschaftliche Gesellschaft. Jenaischc 
Zeitschrift fUr Naturwissenschaft. Bd. XXII. Hefte 1-4. 
Svo. Jena 1888. The Society. 

KharkoffiSociety des Sciences E xp6ri mental es (Section Medieale). 
Trayaux. [Russ.] 1886-88. 8vo. Kharkoff 1888. 

Tho Society. 

Kieff:—Society of Naturalists. Memoirs. [Russ.] Yol. IX. 

Parts 1-2, 8 vo. Kieff 1888. Tho Society . 

Lausanne:—Societ 6 Vaudoiso des Sciences Naturelles. Bullotin. 

Vol.XXIY* No. 98. 8 vo. Lausanne 1888. The Society. 

Loudon :—British Museum (Natural History). Catalogue of Birds 
Vol. XIV. 8 vo. London 1888; Catalogue of Fossil Reptilia 
and Amphibia. Part 1. Svo. London 1888. The Trustees. 
Howard Association. Report, 1887, and general pamphlo ts. 8 vo. 

London 1887, &c. The Association. 

India Office. Catalogue of the Library. Vol. I, and Index. 

8 vo. London 1888. Tho Secretary of State for India. 

Lightning Rod Conference. Report. Svo. London 1882. 

Mr. Symons, F.E.S. 

Marine Biological Association. Journal. No. 2. 8 vo. London 
1888. The Association. 

University College, Calondar. 1888-89. Svo. London 1888. 

The College. 

Paris:—Acad 6 mie des Sciences. M 6 moires. Tome XLIV. 4to. 
Paris 1888 ; M 6 inoires presents par divers Savants. Ser. 2. 
Tomes XXVIII-XXIX. 4to. Paris 1884, 1887; Reoueil do 
Mlmoires, Rapports, ot Documents relatifs & V Observation du 
Passage de Vdnus sur le Soleil. Tome III. Partie 2. 4to. 
Paris 1885 ; Bulletin du Comit<5 International Permanent pour 
PEx&mtion Photographique de la Carte duCiel. Faso. 1. 4to. 
Pom 1888. The Academy. 

Sooi 6 t 6 Entomologique do France. Annales. Tome VII. Svo. 
m Paris 1887-88. The Society. 
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Transactions (continued), 

Pina:—Societi Toscana di Scienze Naturali. Atti. Vol. IX. 8vo. 
Piaa 1888; Processi Verbali, 1888. Luglio* 8vo. [Pwa.] 

The Society. 

St. Petersburg:—Acad&nie Imperial© dea Sciences. Bulletin. 
Tome XXXII. Nos. 2-4. 4to. St. Pitersbowrq 1888; Memoires, 
Tome XXXVI. Nos. 1-5. 4to. St. Pitersbourg 1888 ; Reper- 
torium fur Metcorologic. Bd. XI. 4to. St. PStersbourg 1888. 

Tho Academy. 

Santiago :—Dentscher Wissenachaffclicher Vurein. Verhandlungen. 

Heft C. 8vo. 1888. TheVerein. 

Stockholm:—Koogl. Svenska Vetenskaps-Akademie. Ofversigt. 

Arg. XLV. No. 5-7. 8vo. Stockholm 1888; Handlingar. 
Bd. XX. Hafte 1-2. 4to. Stockholm 1884. Bd. XXI. 

Hafte 1-2. 4to. Stockholm 1887 ; Lcfnadsteckningar. Bd. II. 
Hafte 3. 8vo. Stockholm 1885. Carl von Linn6s Brcfvexling. 
Forteckning af E. Ahrling. 8vo. Stockholm 1885. 

Tho Academy. 


Observations and Reports. 

Berlin:—Konigl. Preuss. Geodatisches Institnt. Gradmessungs- 
Nivellement zwischen Anclam nnd Cuxhaven. 4to. Berlin 
1888. The Institute. 

Dorpftt •—Steriiwarte. Meteorologische Beobachtungcn. 1888. 

Januar—Februar. 8vo. Dorpat . Tho Observatory. 

Dun Echt:—Observatory. Circulars. Nos. 157-164. 4to. [Sheet.] 

The Earl of Crawford, F.R.S. 
Holland :—Nedorlandsche Bijkscommissie voor Graadmeting en 
Waterpassing. Uitkomsten dor RijkswatorpasBing. 4to. 
1 sQravenhage 1888. 

Centralbureau der Internat. Erdmessung, Berlin. 
Hongkong:—Observatory. Observations. 1887. Folio. Hongkong 
1888. The Observatory. 

India:—Geological Survey of India. Records. Vol. XXI. Parts 2-3. 

8vo. Calcutta 1888. The Survey. 

International:—Association G6od£sique Internationale. Comptcs 
Rendus. Session 1887. 4to. Berlin 1888. Supplement. 4to. 
['Florence 1888.] 

Centralbnreau der Internat. Erdmessung, Berlin. 
London :—Hydrographic Department, Admiralty. Deep-sea Sound¬ 
ings and Serial Temperature Observations obtained in tho 
Indian Ocean, 1887. Folio. [Sheet.] 1888. 

The Department. 

Meteorological Office. Observations at Stations of tho SJpcond 
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Observations, &©. (continued). 

Order. 1884. 4to. London 1888; Daily Weather Reports. 1888. 
January to June. 4to. London. The Office. 

Nautical Almanac Office. The Nautical Almanac for 1892. 
8vo. London 1888. The Office. 

Madrid:—Observatorio. Observaoiones Meteoroldgicag. 1888*85. 
8vo. Madrid 1887*88. The Observatory. 


December 20, 1888. 

Professor G. G. STOKES, D.C.L., President, in the Chair, 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 


I. “ Co-relations and their Measurement, chiefly from Anthropo¬ 
metric Data.” By Francis GrALTON, F.R.S. Received 
December 5, 1888. 

M Co-relation or correlation of structure 99 is a phrase much used in 
biology, and not least in that branch of it which refers to heredity, and 
the idea is even more frequently present than the phrase; bnt I am 
not aware of any previous attempt to define it clearly, to trace its 
mode of action in detail, or to show how to measure its degree. 

Two variable organs are said to be oo-related when the variation of 
the one is accompanied on the average by more or less variation of 
the other, and in the same direction. Thus the length of the arm is 
said to be oo-related with that of the leg, because a person with a 
long arm has usually a long leg, and conversely. If the co-relation be 
close, then a person with a very long arm would usually have a very 
long leg; if it be moderately close, then the length of his leg would 
usually be only long, not very long; and if there were no co-relation 
at all then the length of his leg would on the average be mediocre. 
It is easy to see that co-relation mast be tbe consequence of the 
variations of the two organs being partly due to common causes. If 
they were wholly dae to common causes, the co-relation would be 
perfect, as is approximately the case with the symmetrically disposed 
parts of the body. If they were in no respect due to common causes, 
the co-relation would be nil . Between these two extremes are an 
sndlesa number of intermediate oases, and it will be shown how the 
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closeness of co-relation in any particular case admits of being expressed 
by a Bimple number. 

To avoid the possibility of misconception, it is well to point out 
that the subject in hand has nothing whatever to do with the 
average proportions between the various limbs, in different races, 
which have been often discussed from early times up to the present day, 
both by artists and by anthropologists. The fact that tho average 
ratio between the stature and tho cubit is as 100 to 37, or thereabouts, 
does not give the slightest information about the nearness with which 
they vary together, ft would be an altogether erroneous inference to 
suppose their average proportion to be maintained ho that when the 
cubit was, say, one-twentieth longer than the average cubit, the 
stature might be expected to be one-twentieth greater than the 
average stature, and conversely. Such a supposition is easily Bhown 
to bo contradicted both by fact and theory. 

The relation between the cubit and the stature will he shown to be 
such that for every inch, centimetre, or other unit of absolute length 
that the cubit deviates from the mean length of cubits, the stature 
will on the average deviate from the mean length of statures to the 
amount of 2*5 units, and in the same direction. Conversely, for each 
unit of deviation of stature, tho average deviation of the cubit will be 
0*26 unit. These relations arc not numerically reciprocal, hut tho 
exactness of the co-relation becomes established when wo have trans¬ 
muted the inches or other measurement of the cubit and of the 
stature into units dependent on their respective scales of variability. 
We thus cause a long cubit and an equally long stature, as compared 
to the general ran of cubits and Btatnros, to be designated by an 
identical scale-value. The particular unit that I shall employ is the 
value of the probable error of any single measure in its own group. 
In that of the cubit, the probable error is 0‘56 inch = .1*42 cm.; 
in the stature it is 1*75 inch = 4*44 cm. Therefore the measured 
lengths of the cubit in inches will be transmuted into terms of a new 
scale, in which each unit = 0*56 inch, and the measured lengths of the 
stature will be transmuted into terms of another new scale in which 
each nnit is 1*75 inch. After this has been done, we shall find the 
deviation of the oubit as compared to tho mean of the corresponding 
deviations of tho stature, to be as 1 to 0 8. Conversely, the deviation 
9 f the stature as compared to the mean of the corresponding deviations 
of the cubit will also be as 1 to 0 8. Thus the existence of the co-relation 
is established, and its measure is found to be 0*8. 

Now as to the evidence of all this. The data were obtained at my 
anthropometric laboratory at South Kensington. They are of 
350 moles of 21 years and upwards, but as a large proportion of them 
were students, and barely 21 years of age, they were not wholly fan- 
grown ; but neither that fact nor the small number of observations is 
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prejudicial to the conclusions that will he reached. They were 
measured in various ways, partly for the purpose of this inquiry. It 
will be sufficient to give some of them as examples. The exact number 
of 350 is not preserved throughout, as injury to Borne limb or other 
reduced tho available number by 1, 2, or 3 in different cases. After 
marshalling the measures of each limb in the order of their magni¬ 
tudes, I noted the measures in oach senes that occupied respectively 
the positions of the first, second, and third quarterly divisions. Calling 
these measures in any ono series, Q lf M, and Q 3 ,1 take M, which is 
the median or middlemost value, as that whence the deviations are 
to be measured, and i { Q» — Q| } = Q, as the probable orror of any 
single measure in tho series. This is practically tho same as saying 
that one-half of the deviations fall within tho distance of ±Q 
from the mean value, because the series run with fair nymmotry. In 
this way I obtained the following values of M and Q, in which the 
second decimal must be taken as only roughly approximate. The 
M and Q of any particular series may bo identified by a suffix, thus 
M c , Qc might stand for those of the cubit, and M*, Q« for those of tho 
stature. 


Tablo I. 



M. 

Q. 

Inch. 

Centim. 

Inch. 

Centim. 

Hoad length. 

7*02 

10 35 

0*19 

0*48 

Head breadth. 

c*oo 

15 21 

0*18 

0*46 

Stature. 

ti7 20 

170 00 

1*76 

4'44 

Left middle Auger. 

1*64 

11*53 

0*15 

0*38 

Left cubit. 

18 *06 

45*70 

0*60 

1*42 

Height of right knee.... 

20*60 

62 *00 

0*80 

2*03 


Noth. —The head length 1* its maximum length measured from the notch 
between and just below the eyebrows. The cubit is measured with the hand prono 
and without taking off the coat; it is the distance between the elbow of the bent 
left arm and the tip of the middle finger. The height of the knee is taken sitting 
when the knee is bent at right angler, less the measured thickness of the heel of 
the boot. 

e 

Tables were then constructed, each referring to a different pair of 
the above elements, like Tables II and III, which will suffice as 
examples of tho whole of them. It will be understood that the Q 
value is a universal unit applicable to the most varied measurements, 
such as breathing capacity, strength, memory, keenness of eyesight, and 
enables them to be' compared together on equal terms notwithstand¬ 
ing their intrinsic diversity. It does not only refer to measures of 
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length, (hough partly for (he sake of compactness, it ia only those of 
length (hat will be here given as examples. It is unnecessary to 
extend (he limits of Table II, as it includes every line and column in 
my MS. table that oontains not less than twenty entries. None of 
the entries lying within the flanking lines and oolumns of Table II 
were used. 


Table II. 



Length of left cubit in inches, 848 adult males* j 


Stature in 


16*6 

17*0 

17 *6 

18 *0 

18 *6 

19*0 


Total 

inches. 

Under 

and 

and 

and 

and 

and 

and 

19 *5 
and 

cases. 


16 *6. 

under 

under 

under 

under 

under 

under 

above* 




17-0. 

17*6. 

18-0. 

.. 

18'5. 

19 U 

19*6. 



71 and above 

■ 



1 

a 

19 


7 

30 

70. 

W ■ 

, , 

,, 

1 

6 

■Efl 


, , 

30 

69. 


1 

1 

2 

25 

Efl 


,. 

60 

68. 


1 

3 

7 

14 

Kfl 

mm 

2 

48 

67. 


1 

7 

16 

28 

8 

2 

, # 


66. 


1 

7 

18 1 

15 

6 

, # 

,, 


66. 


4 

10 

12 | 

8 

2 

, , 

, , 

36 

64. 

, , 

6 

11 

2 , 

3 

,. 

% 9 

,, 

21 

Below 64. 

1) 

12 

10 

3 

1 

• ■ 

•• 

•• 

34 

Totals. 

9 

25 

49 

Gl | 

102 

55 

38 

9 

348 


The measures were made and recorded to the nearest tenth of an 
inch. The heading of 70 inches of stature includes all records 






















Table IIL—State re M, = 67*2 inches; Q, = 1'75 inch. Left Cubit M* = 18*05 inches; Q* = 0*56 inch. 
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between 69*5 and 70*4 inches; that of 69 includes all between 68 a & 
and 69*4, and so on. 

The values derived from Table II, and from other similar tables, 
are entered in Table III, whore they occupy all the columns up to 
the three last, tho first of which is headed “smoothed.” These 
smoothed values were obtained by plotting the observed values, 
after transmuting them as above described into their respective 
Q units, upon a diagram such os is shown in the figure. Tho 
deviations of the 4 subject” are measured parallel to the axis of 
y in tho figure, and those of the mean of the corresponding values 
of the “ relative ” are measured parallel to the axis of x . When the 
stature is taken as the subject, the median positions of the correspond¬ 
ing cubits, which are given in the successive lines of Table III, are 
marked with email circles. When the cubit is the subject, the mean 
positions of tho corresponding statures are marked with crosses. 
The firm line in tho figure is drawn to represent the general run of tho 
small circles ami crosses. It is here seen to be a straight line, and it 
was similarly found to be straight in every other figure drawn from 
the different pairs of co-related variables that I liavo as yet tried. 
But the inclination of the line to tho vertical differs considerably in 
different cases. In the present one the inclination is such that a 
deviation of 1 on tho part of the subject, whether it be stature or cubit, 
is accompanied by a mean deviation on tho part of the relative, whether 
it be cubit or stature, of 0*8. This decimal fraction is consequently 
the measure of the closeness of tho co-relation. Wo easily retrans¬ 
mute it into inches. If the stature be taken as tho subject, then Q, is 
associated with Q,x0*8; that is, a deviation of 175 inches in the 
one with 0*56x0*8 of tho other. This is the same as 1 inch of 
stature being associated with a mean length of cubit equal to 0*26 inch* 
Conversely, if the cubit be taken as tho subject, then Q c is associated 
with Q,x0*8; that is, a deviation of 0*56 inch in the one with 
175 x0*8 of the other. This is the same as 1 inch of cubit being 
associated with a mean length of 2*5 inches of stature. If centi¬ 
metre be read for inch the same holds true. 

Six other tables are now given in a summary form, to show how 
, well calculation on the above principle agrees with observation. 



Co-wlatiom and their Meaeuremeat. 


Table TV. 


Mean of corresponding Moan of corresponding 

No. Length statures. No. lengths of ho ad. 

of of __ of Height.__ 

eases, head. oases. 

Observed. Calculated. I Observed. Calculated 
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Table IV— 'Continued* 




Mean of corresponding 



Moan of corresponding 
lengths of head. 

No. 

Length 

breadths of head. 

No. 

Breadth 

of 

of 



of 

of 



■ 

head. 

Observed. 

Calculated. 

cases. 

bead. 

Observed. 

Calculated. 

32 

7*90 

6*14 

612 

27 

6*30 

m 

7-84 

41 

7*80 

0 05 

608 

36 

6*20 

Wmm 

7-76 

46 

7-70 

6*14 

6-04 

53 

6*10 

mmm 

7-65 

52 

7*60 


6 00 

68 

GOO 

■E9 

7*60 

58 

760 

5*98 

6-96 

66 

6*90 

7-50 

7-66 

34 

740 

5*96 

6-91 

37 

6*80 

7-55 

7*60 

26 

7*30 

6*85 

5*87 

30 

6-70 

7*45 

7*46 

No. 


Mean of corresponding 



Mean of corresponding 


heights of knee. 

No. 

Height 

statures. 

of 

Stature. 



of 

of 



oases. 


Observed. 

Calculated. 

cases. 

knee. 

Observed. 

Calculated. 

30 

70 0 

21 *7 

21-7 

23 

22-2 

70-5 

70*0 

BO 


21 *1 

21 *3 


21 -7 

69*8 

69*6 

38 

68*0 

20*7 

20*9 


21 -2 

68-7 

68-6 

61 

07 0 

20'5 

20-6 

Sul 

20-7 

07-3 

87-7 

49 

66*0 

20*2 

20-1 

El 

20-2 

60*2 

66*7 

36 

65 *0 

19-7 

19-7 

Kfl 

19-7 

65*5 

86-7 





26 

19-2 

64*3 

64-7 

No. 

of 


Mean of corresponding 



Mean of corresponding 

Left 

cubit. 

1)eight* of knee. 

No. 

of 

Height 

left cubit. 

oases. 

Observed. 

Calculated. 

cases. 

knee. 

Observed. 

Calculated 


29 


21 *5 

21*6 

23 

22 *25 

18*98 

18*97 

32 

18*7 

21 *4 

21*2 

30 

21 *75 

18-88 

18-70 

48 

18 *4 

20*8 

20*9 

52 

21 *25 

18*38 

18*44 

70 

17 *1 

20-7 

20*6 

69 

20*75 

18*15 

18*17 

37 

17-8 

20*4 

20*2 

70 

20*25 

17-75 


91 

17*5 

20 ‘0 

19*9 

41 

19 *75 

17-65 

17-68 

28 

17*2 

19*8 

19*6 

27 

19 *25 

17-02 

17-86 

28 

16-9 

19*3 

19 *2 






From Table IV the deductions given in Table V can be made; bat 
they may be made directly from tables of the form of Table III, whence 
Table IV was itself derived. 

When the deviations of the subject and those of the mean of the 
relatives are severally measured in units of their own Q t there is 
always a regression in the value of the latter. This is precisely 
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Table Y. 


Subject. 


Stature .... 
Oubit.. 

Stature .... 
Head length 


Relative. 


Cubit.. 

Stature . 

Head length 
Staturo . 


In units of Q. 


J- 0-8 


Al-r*) 

-/■ 


oeo | 
0-03 | 


In units of ordinary 
measure. 


As 1 
to 


0*26 

2-5 

0 *38 
3*2 




0-46 

1-4 

l'G3 

0*17 


Stature . 

Middle finger... 

Middle finger... 
Cubit.......... 

Hoad length.... 
Hoad breadth... 

Stature . 

Height of knee . 

Cubit. 

Height of knee * 


Middle finger.... 
Staturo. 

Cubit. 

Middle finger.... 


Head breadth. •. • 
Hoad length. 

Height of knoo .. 
Staturo ... 

Height of knee .. 
Cubit. 


]■ 0*7 
| 0-85 
| 0*45 
} 0*9 
| 0-8 



0-06 

8-2 


0*61 j 

0-89 { 
0 *44 | 
0 - 60 w { 


3 13 
0*21 

0*43 

0*48 

0*41 

1*20 

1*14 

0*66 


0*10 

1*26 

0*34 

0*09 

0*16 

0*17 


0*35 

0*77 

0*64 

0*45 


analogous to what was observed in kinship, as I showed in my paper 
read before this Society on “Hereditary Stature ” (‘Roy. Soc. Proc.,* vol. 
40, 1886, p. 42). The statures of kinBmen are co-related variables; 
thus, the stature of the father is correlated to that of the adult son, 
and the stature of the adult son to that of the father; tho stature of 
the uncle to that of tho adult nephew, and the staturo of the adult 
nephew to that of the uncle, and so on; but the index of co-relation, 
which is what I there called “regression,” is different in the 
different oases. In dealing with kinships there is usually no need 
to reduce the measures to units of Q, because the Q values are alike 
iu all the kinsmen, being of tho same valuo as that of the popula¬ 
tion at largo. It however happened that the very first case that I 
analysed was different in this respect. It was tho reciprocal relation 
between the statures of what I called the “ mid-parent ” and the son. 
Tho mid-parent is an ideal progenitor, whoso stature is the average of 
that of tho father on the one hand and of that of the mother on tho other, 
after her stature had been transmuted into its male equivalent by the 
multiplication of the factor of 1*08. The Q of the mid-parental statures 
was found to be 1*2, that of the population dealt with was 1*7. Again, 
the mean deviation measured in inches of the statures of the sons was 
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found to be two-thirds of the deviation of the mid-parents, while the 
mean deviation in inches of the mid-parent was one-third of the devia¬ 
tion of the sons. Here the regression, when calculated in Q units, is in 
1 2 

the first case from ^ to gXl7 — 1 to 0 47, and in the second case 

from = 0*44, which is practically tho same. 

The rationale of all this will be found discussed in the paper on 
“ Hereditary Stature/* to which reference has already been made, and 
in the appendix to it by Mr. J. I). Hamilton Dickson. The entries in 
any table, such as Table II, may be looked upon as the values of 
the vertical ordinates to a surface of frequency, whose mathematical 
properties were discussed in the above-mentioned appendix, there¬ 
fore I need not repeat them here. Bat there is always room for 
legitimate doubt whether conclusions based on the strict properties of 
the ideal law of error would be sufficiently correct to be serviceable in 
actual eases of co-relation between variables that conform only 
approximately to that law. It is therefore exceedingly desirable to 
put the theoretical conclusions to frequent test, as has been done with 
these anthropometric data. The result is that anthropologists may 
now have much loss hesitation than before, in availing themselves of 
the properties of tho law of frequency of error. 

I have given in Table V a column headed */(l— r 2 ) = /. Tlio 
meaning of / is explained in the paper on “ Hereditary Stature.” It is 
the Q value of the distribution of any system of x values, as x x , a 3 , ai s , 
Ac., round the mcau of all of them, which wo may call X. The 
knowledge of / enables dotted lines to be drawn, as in the figure above, 
parallel to tho line of M values, between which one half of the x 
observations, for each value of y t will be included. This value of / 
has much anthropological interest of its own, especially in connexion 
with M. Bertillon’s system of anthropometric identification, to which 
I will not call attention now. 

It is not necessary to extend tho list of examples to show how to 
measure the degree in which one variable may be co-related with the 
combined effoct of n othor variables, whether these be themselves 
co-related or not. To do so, we begin by reducing each measure into 
others, each having the Q of its own system for a unit. We thus 
obtain a set of values that can be treated exactly in the same way 
as the measures of a single variable were treated in Tables II and 
onwards. Neither is it necessary to give examples of a method 
by which the degree may be measured, in which the variables in a 
series each member of whioh is the summed effect of n variables, 
may be modified by their partial co-relation. After transmuting the 
separate measures os above, and then summing them, we should find 
the probable error of any one of them to be \/n if the variables yere 
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perfectly independent, and n if they were rigidly and perfectly co¬ 
related. The observed value would be almost always somewhere 
intermediate between these extremes, and would give the information 
that is wanted. 

To conclude, the prominent characteristics of any two co-related 
variables, so far at least as I have as yet tested them, are four in 
number. It is supposed that their respective moasuros have been 
first transmuted into others of which the unit is in each ease equal to 
the probable error of a single measure in its own series. Let y = the 
deviation of the subject, whichever of the two variables maybe taken 
in that capacity; and let x v x it a» 3 , &c., be tho corresponding devia¬ 
tions of tbo relative, and let the moan of theso be X. Then we find: 
(1) that y = rX for all values of y ; (2) that r is the same, whichever 
of the two variables is taken for the subject; (3) that r is always less 
than 1; (4) that r measures the closeness of co-relation. 


II. “ On the Maximum Discharge through a Pipe of Circular 
Section when the effective Head is due only to tho Pipe’s 
Inclination.” By Henry Hennessy, F.R.S., Professor of 
Applied Mathematics in the Royal College of Science for 
Ireland. Received November 15, 1888. 

In tho paper on “ Hydraulic Problems on tho Cross-sections of 
Pipes and Channels,”* it was shown that the greatest hydraulic mean 
depth was that for a channel formed by a segment of a circle, and 
bounded by an arc of 257° 27'. It is easy to find by a similar 
process tbo wotted perimeter of a circular pipe corresponding to the 
maximum discharge when the velocity of the liquid is due only to 
the inclination of the pipe. 

Among the formula adopted by hydraulic engineers for v, the njmn 
velocity of liquid in a pipe whose hydraulic mean depth is «, we may 
select Darcy’s, which gives 



where a and b are constant coefficients and I a quantity depending on 
the inclination of the pipe. But as the discharge Q is the product of 
the mean velocity by the area of cross-section, wo have 

0 _ Auy/(I) __ Binfl)w\/( I) 

v/(aw + 6)" v/(au+6) * 


• 4 Roy. 8oc, Proc.,* val. 44, p. 101. 
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where 0 is the arc bounding the segment filled with liquid. For this 
segment u = ^r(\ —and thorefore 

n 1 r* W ( 0 —sin 0) 8 




b is a small fraction compared to r and a t and if this expression is 
developed we shall have very approximately* 

y di ’ 


where K is a constant. This gives 

1 _ 3 ( 0 —sin0)4(l — cos 0 ) (0 —sin 5)1 

Kd& ~2 0 * 201 


If we make ^3 = 0, we Bhall havo therefore 

do 


0 = 


sin 0 


3 cos 0—2 


This equation may he satisfied by 6 as 0, or 0 = }f+<K,ft value less 
than 2v. The first gives a minimum, the second a maximum. 

With 7 = 38° 9' 56'', fr +7 a= 5*37850, 

3 #in 0 = 1-85381, — c ° s f - » 5-37813. 

2—3 Bind 

With 7 = 38° 9' 57", J*-+ 7 = 5 37851, 

3 .in d = 1-85382, -g * - 0 . = 5-37848. 

2 —3 Bind 

With 7 = 38’ O'58", |»+7 = 5-87851, 

3 sin d = 1-85583, —= 5-37882. 

2 —8 sind 

With the first value the difference is +0*00037; with the third the 
difference is —0*00031; consequently the value between both may be 
considered as the nearest to the truth, and in this value the difference 
is only 0*00003, or less than one-tenth of either of the others. If 7 a= 
38° 9' l 57", 0 = 308° 9' 57'', or a circular pipe, under tho conditions 
above mentioned, carries more liquid when filled up to this arc than 
when quite full. 

• With the formula of Chezy and Eytelwein, this would immediately follow. 
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If the pipe was quite full 0 =s 2 r, Bind = 0, and Q x =s 2K?r, bub for 
the maximum value of Q we have 


Hence 


*-*{ fl2 5BSr=»}*• 

I-sItS}'- 100768 - 

Qj-Qj = 0*00768Qj. 


The difference thus exceeds j per cent, for the pipe which is filled 
up to the segment of 308° 10'. The supplemental arc being 51° 50', 
it is easy to see that the maximum discharge would occur when the 
liquid falls below the summit of the inner surface of the pipe by 
about the twentieth of the diameter. This result might be called a 
hydraulic paradox, or the condition of a pipe carrying liquid at a 
small inclination giving a greater discharge when filled up to 
nineteen-twentieths of its diameter than when completely full. 


Note added December 19, 1888. 


[The hydraulic paradox here referred to as a deduction from the 
expression for hydraulic mean depth is not so practically important 
as the question of velocity of the liquid passing through the section of 
greatest hydraulic mean depth. The maximum hydraulic mean depth 
for the pipe was found to be 0*6086r, while it is 0*5 r for a full pipe. 
A.s the velocities may be taken as very approximately proportional to 
the square roots of the hydraulic mean depths, we shall have for v\ 
the maximum velocity, 


t/ t> 



1*1033 v. 


Or the velocity for the maximum hydraulic depth exceeds the velocity 
for a full pipe under the conditions specified by 10J per cent. 

This result may possibly be utilised in circular drain-pipes liable to 
be coated with deposits.] 
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III. “ Preliminary Account of the Morphology of the Sporo- 
phyte of Splachnum luteum .” By J. R. Vaizey, M.A., 

of Peterhouse, Cambridge. Communicated by FRANCIS 
Darwin, F.R.S. Received December 8, 1888. 

The investigations of Haborlandt,* published in the latter part' of 
1886, together with the results of investigations of my own, which 
were then just completed, and communicated to the Linnean Society! 
early in 1887, convinced me of the importance of obtaining further 
knowledge of the highest development to which the sporophyte of 
the mosses attains, os being likely to throw light indirectly on the 
phylogeny of the higher Cryptogams and Phanerogams. Inquiring 
into the matter, I found that Splachnum luteum , Splachnum rnbrum , 
and some few other forms were the most likely to yield the best 
results; 1 determined, therefore, to obtain material for investigating 
their morphology. These forms being arctic or subarctic, I put 
myself in communication with Professor Axel Blytt, of Christiania, to 
find out if he could either procure mo material properly preserved for 
the purpose, or put me in the way of obtaining material if I went 
myself to Norway. From my correspondence with Professor Blytt, I 
concluded that the only really practicable course was to go myself, 
and obtain my own material in the different stages in which I 
required it. To carry out this project, I applied for, and was 
granted, assistance by the Royal Society, I, therefore, now tender 
to the Society a brief outline of the first of my results. 

I obtained after considerable search, in which I was fortunate in 
having the invaluable assistance of Professor Blytt and Dr. F. C. Kiaer, 
whoso knowledge of the habitats of Norwegian mosses is notorious, a 
large quantity of Bp . luteum in many different stages of development; 
of Sp . ruhrum I only obtained one specimen; but beyond the mere 
difference of oolour there is little or no difference between the two 
species. The material was obtained in the marshy land on the top of 
the watershed between the River Glommen and Lake Miosen, and on 
the south-eastern side of the Dovrefjeld region. 

In the sporophyte of Splachnum luteum we have a structure with 
a remarkable similarity to an umbrella, the handle end of which is 
inserted in the tissues of the oophyte, and is known as the foot. The 
seta is much elongated, bearing the umbrella-like expansion, the 
apophysis, at the top just below the sporangium. It is the structure 

* “Beitrftge sur Anatomie und Bhjaiologio dor Laubmooie i" * Jahrb. (dr 
Wivaen. Bot.,' voL 17. 

t Vaieey: 41 On the Anatomy and Development of the Spoiogonium of the 
Momm 4 Linn. Soo. Joum., Bot.,' rol. 24. # 
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of the apophysis and certain of the organs of tho sporophyte with 
which we are now concerned. 

A transverse section throngh the vaginula, including the foot of the 
sporophyte, shows that the tissues of the oophyte in this part contain 
' a considerable quantity of organic substance, and this is seen to be 
more particularly the case in the layers of cells next to the foot. Tho 
foot itself is seen to consist of a cylindrical mass of parenchyma, with 
an external layer of epidermal colls of a somewhat columnar form, 
which contain a considerable quantity of protoplasm, and contain 
large distinct nuclei. The protoplasm of these cells is found to bo 
aggregated towards the peripheral surface, the nucleus being usually 
found in the mass of protoplasm noxt to the outer wall of the cell. 
Tho large vacuoles of these cells are traversed by fine protoplasmic 
filaments. These cells, os well as those of the cortical layer beneath 
the epidermis, contain a number of very small protoplasmic bodies, 
which are found congregated in large numbers round the nuclei of 
the cells, there being also some in other parts of tho coll, both in the 
peripheral layer and in the fine protoplasmic filaments traversing the 
vacuole. In the epidermal cells these bodies are particularly 
numerous, and are found principally in the aggregated mass of proto¬ 
plasm on tho outer side of the cells. These bodies may, I think, be 
safely regarded as leucoplastids. From their number and position, I 
am inclined to believe that they are concerned in absorbing substances 
from the tissue of the oophyte for the nourishment of the sporophyte. 
No starch has been found in the foot. 

In the centre of the foot there is a definite oentral strand consisting 
of two kinds of tissue, an outor phloem-like layer of cells containing 
protoplasm by means of which it is probable that organic substance 
travels, and an inner strand of very thin-walled cells without any 
protoplasmic contents* which oonducts tho water up the seta, lu the 
foot the protoplasm of the phloem-like cells is aggregated in each 
cell towards the periphery as in the epidermal cells, hut there are no 
plastids present The strand of thin-walled empty cellsf I have 
been able to prove in other species of Splachnum conveys the water 
absorbed by the foot up the seta into the tissues of the apophysis. 

The seta has a distinct epidermis beneath which there is a layer of 
selerotio supporting tissue, and then a layer of parenchyma, the two 
together forming the cortex. In the centre is the central strand, 
which in the lower end of the seta has almost the same structure as 
that described for the oentral Btrand of the foot, from which it is 
distinguished by being larger and less distinctly delimited from the 

* <y. Vaisey, hoc . eit* The terms leptophloSm and leptoxylem have been used 
to Indicate these tissues. For fuller explanation, see paper referred to. 

f 'Valley: " Note on the Transpiration of the Sporophore of the Musoi.* 1 * Annals 
of Bo feny, 1 voL 1. 
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oartex. Higher up in the seta there is a large intercellular canal 
formed in the middle of the axile Btrand of thin-walled empty rolls 
which extends for nearly its whole length. This intercellular spaoo 
is lysigenous in origin. A similar passage or canal Occam in several 
other species. 

A longitudinal median seotion through the umbrella-shaped 
apophysis shows that the oentral strand here swells out into a large 
pear-shaped mass of cells, that in the mature sporophyte contain 
no protoplasm, and even in the younger states only a very small 
quantity with small, inconspicuous nnolei. Chlorophyll bodies are 
absent except in the two outermost layers of cells, even in the 
youngest specimens observed, and even here there are only a very 
fow. The cells are all thin-walled, and cubical in shape, with no 
intercellular spaces between them. In this tissue, which may be 
regarded as a kind of aqueous tissue, large masses of crystalline 
inorganic matter were frequently found. 

Outside the aqueous tissue there is a quantity of parenchymatous 
tissue, with numbers of communicating intercellular spaces. The 
cells all contain large numbers of ohlorophyll bodies. This tissue 
extends into the umbrella-shaped organ. On the upper surface in 
the proximal region the cells are arranged close to one another, and 
sh >w a distinct tendency to an elongation of their axes in a direction 
vertical to the surface, thus forming a palisade tissue similar to that 
in the tissues of the vascular plants.* This is rendered more striking 
by a comparison with the parenchyma of the lower surface in the 
same region, where the cells are much elongated in a direction parallel 
to the surface, and with very much larger intercellular spaces. The 
distal region of the apophysis shows that the cells of both upper and 
lower surfaces have undergone a considerable lengthening in the 
direction parallel to the surfaces, but that the upper as compared with 
the lower has still a resemblance to palisade. Stomata are found in 
considerable numbers iu the epidermis of the upper surface, but there 
are none on the lower. The epidermis consists of a very distinct 
layer of cells without ohlorophyll, the outer walls of which are 
cuticularised, and have a distinct cuticle. 

A large quantity of starch is formed in the cells of the apophysis 
by the cbloroplasts, each ohloroplast containing a number of separate 
starch grains. When the apopbytia is quite young, at this time 
being green, immediately on its beginning to become umbrella¬ 
shaped, and before the spores ripen, the starch begins to be formed. 
At a later Btage the staroh disappears, the starch-forming plastid*, 

• HaberUmdt {lot. «tt.) also makes a comparison between the ehlovophyll-oontain- 
ing tissue of the sporophyte of the Mosses and the palisade tissue of trus leaves j 
bat in none of the forms whioh he investigated is this struoturs as striking as it is 
in 8. luteum* m 
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which before were large and well formed) degenerate into small and 
comparatively inconspicuous bodies, the starch apparently being used 
up in the formation of spores. In all probability there is at this 
period a formation of xanthophyll, which would account for the 
yellow colour of the apophysis in the maturo condition of tho 
sporangium, and hence tho name of tho species. 

That the Apophysis performs the functions of a leaf, and is there¬ 
fore analogous with the leaves of vascular plants, 1 think there can 
now bo no doubt. And as this structure is a development of the 
sporophyto, the possibility of its being also homologous cither directly 
or indirectly suggests itself. I am myself inclined to believe that 
the two are homologous; but to give a full discussion of that question 
would bo beyond the scope of the present communication. 


IV. M A Contribution to the Knowledge* of Protection against 
Infectious Discuses.” By Alfred Lingard,M.B., M.S. Dtirh., 
Diplomat© in Public Health, Cambridge. Communicated by 
Dr. E. Klein, F.H.S. Received December 3, 1888. 

It has long boon known, and it is now a well-established fact, that 
various oruptive feA ers and blood diseases from which the mother may 
suffer, can bo communicated to tho foetus in utrro. There is evidence 
also to prove that a disease may Ik* transmitted, to the foetus through 
a mother who is hcrRelf insusceptible to contngium, as in the case of a 
child having been born covered with small-pox eruption, the mother 
being quite free from it. The following aro the diseases upon which 
the most important observations have been made:—Syphilis, small¬ 
pox, tuberculosis, anthrax, and relapsing fever. In tho three latter 
the organisms producing these diseases have been found in the body 
of tho foetus at birth, having passed through the placental vessels. 

In tho present paper I wish to contribute to the oilier side of the 
question, viz., the relation existing between the foetus and its mother, 
or, in other words, tho influence , if any , everted hy the foetus on lltr 
mother, token the foetus becomes the subject of an infectious disease con¬ 
tracted independently of the mother . All tho comments made from 
this standpoint have, with the exception of one, been in relation to 
syphilis; tho one being an instance communicated by Vidal, of ft 
father attacked at tho time of conception with small-pox, tho foetus at 
six months being covered, during the whole of which period the mother 
remained healthy. With regard to syphilis, we are indebted to Collos 
for the first practical observation noted in 1837, when ho cited fus a 
curious fact, that he had never witnessed or even heard of an instance 
in which a child deriving the infection of syphilis from its parents, 
had caused an ulceration in the breast of tho mother. 

i. 2 
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At the present time, however, we are able to go a step farther, and 
fifty— 

(1.) That a healthy woman become preguant by a syphilitic man, 
may give birth to a syphilitic child, and still remain healthy herself. 

(2.) That this woman suckling a syphilitic child is not exposed to 
contagion from it. 

This singular immunity remains only to be explained, and we have 
to determine whether it is not explicable, as ono is led to think, by a 
special kind of protection derived from the fetas. 

Several years ago it occurred to me as feasible to attempt the eluci¬ 
dation of this proposition by means of some viruB other than that of 
syphilis, this disease having been found incapable of communication 
to the lower animals. For this purpose none appeared to bo more 
suitable than that of anthrax, on account of the properties and life- 
history of this organism being bo well understood, and also by reason 
of the very short period of time this discaso takes to run its course to 
a fatal termination after inoculation in most of the lower animals. 

The results of this investigation f propose giving in the following 
pages:— 

I. It is possible to directly inoculate a fcBtus in utero of a living 
rabbit with an active growth of anthrax, without the bacillary disease 
being communicated to the mother; and further, tho remaining 
foetuses of this pregnancy under certain conditions have been found to 
receivo a like protection, A control animal subcutaneously inoculated 
with the same growth died in sixty-eight hours. 

II. The mother may give birth to a litter of healthy young ones 
some days later, with the exception of the one primarily inoculated 
with anthrax, which is always dead when born. The longest period 
of parturition after inoculation was ten days. 

III. The blood of the mother during the time intervening between 
the inoculation of the foetus and parturition does not reveal the pre¬ 
sence of the anthrax bacillus when examined- - 

(i.) By fresh cover-gloss preparations. 

(ii.) By aniline stained cover-glass preparations. 

(iii.) By cultivations, gelatino at 21° C., and agar-agar at 37° C. 

(iv.) By symptoms when animals were inoculated with it. 

IV. The mother subsequently inoculated with the blood of an 
animal dead of anthrax, whose blood was swarming with the Bacillus 
anthraciBj does not succumb, but is found to have received protection. 
The control animal died in forty-eight hours. 

V. Twenty-four hours after this second inoculation to prove pro¬ 
tection or otherwise, no anthrax bacilli were found in the blood of the 
mother. Proved as in No. Ill, 

VI. The same animal, when re-inoculated with the anthrax blood 
eight months later, was proved to bo still protected. 
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VII. The shortest period observed intervening between the inocu¬ 
lation of the foetus in utero and parturition, after which the mother 
was found to bo protected against the inoculation of virulent anthrax 
blood, was thirty-six hours. 

VIII. For the protection of the surviving foetuses, or those other 
than the one primarily inoculated with anthrax in utero , a longer 
exposure is required than the minimum thirty-six hours observed to 
protect the mother. Or the surviving foetuses may havo received pro¬ 
tection, provided that a period of not less than six days have elapsed 
between the primary inoculation of the foetus in utero and parturi¬ 
tion. 

IX. In those cases where the mother died of anthrax contracted at 
the time of the inoculation of the foetus in utero, and excepting the 
last-mentioned one, the heart's blood of the other foetuses in utero 
was not found to contain any anthrax bacilli, as proved by cultivations 
when the examination was made, several hours after the doath of the 
mother. But if tho examination and cultivations were made some 
sixty or seventy hours later, then any or all of the foetuses, acoording 
to the temperature of the air prevailing, may havo anthrax bacilli in 
their blood. 

[X. The inoculation of a foetus in utero with anthrax may produce 
one of three results:— 

(i.) If during the inoculation of a foetus the anthrax bacilli gain 
entrance into the tissues of the mother, owing to imperfect 
manipulation, the mother naturally succumbs to tho disease. 

(ii) In some cases the organisms pass through from the foetal to 
the maternal vessels; this is probably due to some change 
taking place in the placental tissues, either inflammatory or 
traumatio in origin. 

(iii.) Lastly, in those cases where the foetus alone is inoculated, the 
mother remains free from the bacillary disease, and at a later 
date is found to have acquired immunity.—Jan. 22,1889.] 

XI. In aectiona of the placenta of the foetus primarily inoculated 
with anthrax in utero, and through which the mother received pro¬ 
tection, the anthrax bacilli, after staining with aniline dyes, are to be 
seen wholly in the foetal, while there is a total absence of them in the 
maternal portion. 

The Society adjourned over the Christmas Recess to Thursday, 
January 10th, 1889. 


Presents, December 20, 1888. 


Transactions. 

Berlin Kbnigl. Preuss. Akademie der Wissensohaften. Sitzungs- 
# benchte. 1888. Hefte 31-87. 8vo. Berlin. The Academy. 
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January 10, 1889. 

Professor G. G. STOKES, D.C.L., President, in tlio Chair. 

The Presents received were laid on the table, and thanks ordered v 
for them. 

The following Paper was read :— 


“Appendix to the Bakerian Lecture,* Session 1887-88.” 
By J* Norman Lookver, F.U.S. Received November 22, 
1888. 
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IX. Outstanding oases. 
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INTRODUCTION. 

In the B&kerian Locturo given lost Session* I detailed the spectro¬ 
scopic ovidonce which in my opinion shows that the various orders 
of nebulas and stars are produced by the presence and subsequent 
condensation of meteoric swarms in space, the most uncondensod ones 
giving riso to the appearances which wo term nebula, tho more con¬ 
densed ones to those whicli wo term stars. 

Since the lecture was delivered, my assistants and myself have been 
employed not only in continuing the experiments, but in bringing 
together and co-ordinating as great a number of recordod observa¬ 
tions as possible, along those lines which seemed likely to furnish the 
most severe tests as to the validity of the conclusions stated in my 
former communications. 

Among the linos on which this work has been done are the follow¬ 
ing:— 

1. Spectra of Comets .—Here the test is as follows:—It is generally 
accepted that comets are meteor-swarms in tho solar system. They 
get brighter, and therefore they must be hotter, as they approach thp 
Sun. Their spectra, then, if my hypothesis is true, must resemble 
those of gradually condensing swarms outside the system. 

2. Spectra of Aurora .—Here the test is as follows:—400,000,000 
meteorites, big and little, are encountered by the earth every day. 
The air should contain some of their debris . If in uurorre the solid 
particles are acted on by an electric current, the spectral phenomena 
presented by glow tubes should bo reproduced to a greater or loss 
extent in the spectrum of the aurora. 

8. Origin of Double Stars .—Here the tost is as follows:—The ap¬ 
parently singlo variable stars of tho Mira type are on the hypothesis 
produced by tho interaction of two or moro swarms; they are in fact 
double nebula. Visible physical doubles are probably theu of the 
same nature; if so, in the present absence of complete knowledge of 
their spectra, colour phenomena may help us to discuss their probable 
origin. 


• See * Boy. Soc. Proc., 1 vol. 4i, p. I. 
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I. 14 ON THE SPECTRA OP METEORIC SWARMS IN THE 
SOLAR SYSTEM.” 

I. Views of Rkichknuach, Sctiiapabelm, and Tait. 

Reichenbach was the first to bring forward a large amount of 
evidence (founded on tlie study of meteorites) indicating that comets 
were in all probability swarms of meteorites* in our own system 
moving in orbits round the sun. 

Accepting as proved by the then knowledge the most intimate 
connexion between meteorites and falling stars, Reichenbach reasoned 
that both were connected with comets in the following manner. He 
first recapitulated tho facts then accepted with regard to comets:— 

(I.) Comets, both tail and nucleus are transparent. 

(2.) Light is transmitted through comets without refraction; honco 
the cometary substance can be neither guscous nor liquid. 

(3.) The light is polarised, and therefore borrowed from the sun. 

(4.) Comets have no phases like those of moon and planets. 

(5.) They exercise no perturbing influences. 

(6.) Donati's comet (which was then visible) in its details and its 
contour is changing every day—according to Piazzi, almost hourly. 

(7.) The density of a comet is extremely small. 

(8.) Tho absolute woight iB sometimes small (von Littrow having 
calculated the masses of very small comets, tail and all, as scarcely 
reaching 8 lbs ). 

From these data the following conclusions might be drawn:— 

(1.) That a comet’s tail must consist of a swarm of extremely small 
but solid particles, therefore granules. 

(2.) That every granule is far away from its neighbour—in fact, 
so far that a ray of light may havo an uninterrupted course through 
the swarm. 

(3.) That these granules, suspended in space, move freely and yield 
to outer and inner agencies—agglomerate, condense, or expand; that 
a comet’s nucleus, where one is present, is nothing else than such an 
agglomeration of loose substances consisting of particles. 

Hence we must picture a comet as a loose, transparent, illuminated, 
free-moving swarm of small solid granules suspended in empty space. 

The next step in Reichenbach's reasoning wae to show that 
meteorites (of which he had a profound knowledge) were really 
composed of granules. 

He pointed out that these granules (since called chondroi) formed 
really the characteristic structuic both of irons and stones, so that both 
orders were chiefly aggregates of chondroi—stony ones in iron 
meteorites, iron ones in stony meteorites. 

* Poggendorff, * Amialen,’ vol. 106,1868, p. 488. 
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In some irons, such as Zacatecas, they exist as big as walnuts, 
firmly adherent, but they can be separated; inside these are balls of 
troilite often firmly embedded, so that on breaking the metoorite they 
will divide, but in other cases so loose that they fall out, and they are 
smooth enough to roll oil a table. 

Sometimes chondroi have smaller ones sprinkled in them, sometimes 
dark chondroi have white earthy kernels. 

In some cases these chondroi are so plentiful as to form nearly the 
whole mass of tho meteorite. They are often perfectly round, bnt 
not always, and they are so often so loose that they tumblo out and 
leave an empty smooth spherical cavity. 

The stones chiefly consist of such chondroi and their debris. 

He odds that each magnetic chondros “ is an independent crystal, 
lised individual—it is a stranger in the meteorite. Every chondros 
was once a complete, independent, though minute meteorite. It is 
embedded like a shell in limestone. Millions of years may have passed 
between the formation of the spherule and its cm bod dal.” 

He finally remarks that tho chondroi of meteorites indicate a con¬ 
densation of inuumerablo bodies such as wo see ranst exist in the case 
of comets \ farther, that they have been formed in a slate of unrest 
and impact from all sides. Many meteorites are true breccias; they 
have many times suffered mechanical violence: in comets we have 
seen precisely the conditions whore such forces could operate, and 
hence he arrives at the view that “ comets and meteorites maybe 
nothing else but one and the same phenomenon.” 

Schiaparelli* in 1886 showed the probability that comets, with 
which he had identified certain recurring streams of shooting stars, 
were swarms of meteorites drawn from tho depths of space by the 
attraction of the outer planets of the solar system or by the general 
attraction of the system itself. 

Schiaparelli did not look upon tho head of a comet as a swarm of 
meteors as Reiclienbach did, but regarded it as the largest meteorite 
in the stream which produced tho star-shower. “Nous voici done 
arrives a cette consequence vdritablement inattendue, que la grande 
com&te de 1862 n'est autre qu’une des Pers&des du mois d’Aofit, et 
e'est probabloment la plus considerable de toutes.”t 

Professor Tait in 1869, supporting the opinion of Reiohenbaoh, 
showed that the cometary phenomena to whioh Reiohenbach had 
called attention could bo mechanically explained by the assumption 
of a cloud of meteorites. 

He writes; “ The principal object of the paper is to investigate 
how far the singular phenomena exhibited by the tails of comets, and 
by the envelopes of their nuclei, the shrinking of their nuclei as they 

• * Lea Monde*/ rola. 12 and 13, 1886. 
f Schiaparelli, * I*a Mondea,’ vol. 18, p. 76,1867. 
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approach the sun, and vice versd, as well as the diminution of period 
presented by some of them, can be explained on the probable supposi¬ 
tion that a comet is a mere cloud of small masses such as stones and 
fragments of meteoric iron, shining by reflected light alone, except 
where these masses impinge on ono another, or on other matter 
circulating round the sun, and thus produce luminous gases, along 
with considerable modifications of their relative motions. Thus the 
gaseous spectrum of the nucleus was assigned to the same impacts 
which throw out from the ranks those masses which form the tail.'** 

It is not too much to say that at the present timo it is generally 
accepted that the heads of comets are mctcor-swarms, possibly the 
densest portion of each swarm, or portions with the same orbit in tho 
case of multiple comets. 

I propose now to sei forth tho spectroscopic evidence which I have 
obtained bearing upon tho nature of, and the changes which take place 
in, these meteoric swarms which have become entangled in our 
system. 

II. Comets at Aphelion. Lowest Temperature. 

Magnesium Radiation, \ £00. 

When a tube such as I have already described is used in experiment® 
to determino tho spectrum of meteoric dust at the lowest temperature, 
we find that the dust in many cases gives a spectrum containing the 
magnesium fluting at 500, which is characteristic of tho ncbulce, and 
is often seen alone in them. If the difference between nebulas and 
comets is morely of cosmographical position, one being out of the 
solar system, and one being in it, and further, if the conditions as 
regards rest are tho same, the spectrum should be the same, and we 
ought to find this lino in the spectrum of comets, when the swarm 
most approaches the undisturbed nebulous condition, the number of 
collisions being at or near a minimum, t.e., when the comet is near 
aphelion, the fluting should bo visible alone. 

As a matter of fact in comets of 1866 and 1867, when they were 
observed away from the sun, the only line seen was the one at 500.f 

It is probable also that the fourth band mentioned by Konkoly in 

• Tait, ‘ Edinb. Boy. Soe. Froc./ vol. 6, p. 653 (I860). 

f '* In January, 1866, I communicated to tho Rojol Souety the result of an 
examination of a email comet visible in the beginning of that year (‘ Boy. Soo. 
Proo.,* vol. 16, p. 6). I examined the spectrum of another small and faint oomet in 
May, 1867. The spectra of these objects, so far as (heir feeble light permitted 
them to be observed, appeared to be very similar. In the case of each of these 
comets the spectrum of the minute nucleus appeared to oonsist of a bright line 
between 6 and F, about the position of the double line of the spectrum of 
nitrogen, while the nebulosity surrounding the nucleus and forming the coma 
gate a spectrum which wav apparently continuous " (Huggins, 1 Boy. Soo. Proo./ 
vol. 10, p. 381). 
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hie observations on the Great Comet (A) 1882 (date of perihelion 
passage September 27th) on November 1st, was the low-temperature 
fluting of magnesium at 500. By that date the D lino and the carbon 
flutings had passed their maximum intensity, and had begun to fade 
out. 

The same fluting was also seen by Vogol in Coggia’s Comet (IV, 
1874) as a bright line at about 499, when the comet was yet a month 
from perihelion, and when therefore the appearance of the low- 
temperature characteristic of the magnesium spectrum would be 
oxpeoted. 

It is fair to myself to say that I was not aware of those observa¬ 
tions when I began my recent researches. Tho fact of the line at 
500 remaining alone in Nova Cygni, however, made it clear that if 
my views were correct, the samo thing should happen with comets. 
It now turns ont that tho crucial observation which I intended to 
make was made more than twenty-two years ago. 

This spectroscopic evidence is of the strongest, but it does not 
stand alone; comets at aphelion present tho telescopic appearance for 
the most part of globular nebulas. 

If it be taken as generally accepted tliat comets are of nebulous 
origin, it must be remembered that there are no visible nebula) near 
enough to our system to supply this material. Prior, therefore, to the 
effects produced by solar or planetary attraction, the material was in 
a state of repose ; there were no collisions , and therefore no luminosity. 
It is not surprising, then, that the faintest comets and the faintest 
nebulae should both, as a rule, be of globular form. 

Carbon Radiation . 

It is well known that comets generally giro us the spectrum of 
carbon at some time or another on their journey to and from the sun. 
The question arises, is there any evidence that when at some dis¬ 
tance from tho Bun the carbon phenomena observed indicate a low- 
temperature ? Is the presence of low-temperaturo magnesium asso¬ 
ciated with low-temperature flutings of carbon P 

In my paper* of November 17th, 1887, I gave a map showing the 
two sets of flutings, and one to show low and high temperatures. 
The brightest edges of the three principal flutings in the low-tempera¬ 
ture spectrum are at wavelengths 5197, 5607, and 483*8, and those 
in the high-temperature spectrum are at 51C'4, 563*3, and 473*6. 
The two first flutings in each of the two spectra fall pretty near to 
those in the other, and a considerable degree of accuracy, which has 
not in a great number of cases been attained in the observations of 
cometary bauds, is therefore necessary before we can say with abso- 

* ‘ Roy. Soc, Proc.,' vol. 43, p. 182. * 



164 


Mr. J. N. Lockyer. On the Clamjieaticn [Jan. 10, 

late certainty from observations of either of these two bands whether 
the spectrum is that of hot or cool carbon. 

If, however, the fluting at 483 is present, we oan be certain that 
we have to deal with cool carbon, beoause no hot carbon fluting falls 
near that wave-length. In laboratory experiments with Ocissler 
tubes, the passage from one spectrum to the other is very gradual, 
bo that it is not uncommon to have the two spectra superposed, and 
we might therefore expect a reproduction of this in oometary spectra, 
and I have no doubt that the changes from tho cool to the hot carbon 
spectrum are answerable for many of the apparent discrepancies in 
different observations of tho same comet, as I pointed out in November, 
1887. 

There is another difficulty which must not bo passed over; indi¬ 
vidual observations have not in all cases been recorded. Observers 
have in many oases been in tho habit of giving tho means of their 
several observations, and hence the differences in wave-length of the 
flutings due to the changes from cool to hot carbon, or rice verad, if 
they exist, cannot be certainly followed in many cases. 

A discussion of all the recorded observations at my disposal, how¬ 
ever, shows that in some comets wo have distinct evidence of cool 
carbon flutings, but as happens with the magnesium fluting at \ 500, 
the observations recording them are comparatively fow. The reason 
is probably the same in both eases, namely, that tho temperature 
being low, tho light is consequently excessively feeble, and obser¬ 
vations are very difficult. 

We havo evidence of cool carbon in Winnecko’s Comet, 1868 (peri¬ 
helion passage, June 25th). On the 17th June, M. Wolf* recorded 
three flutings, the wave-lengths of which, as determined by a curve, 
are about 480, 517, and 560. These differ from their equivalents in 
the cool carbon spectrum by almost equal amounts, so there can 
be little doubt that tho corners spectrum was that of cool 
carbon. 

At the retnrn of this comet in 1877, cool carbon was again ob¬ 
served when it wa<* about a month from perihelion.f Tho perihelion 
passage occurred on April 17th, and the observation was made on 
May 15th. Two bands were measured, one at 517, and tho other 
near 483. Another was also seen near 561. As the criterion for cool 
carbon is the fluting at 483, there can be no doubt of its identity in 
this case. 

Again, in Brorsen's Comet (1879), perihelion passage 30th March, 
Eonkolyt observed three flutings at wave-lengths 482*3, 514*6, and 
560*5, the first of which coincides very nearly with the characteristic 

* * Cwmpfces fiendus,’ vol. 60, p. 1886. 
t' Greenwich Observation*,’ 1887, p. 101. 
t‘Astr.ffftohr.,’ No. 2869. 
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fluting of oool carbon at 483. This observation was made on the 
25th of March. 

III. Comets about Mean Distance—2nd Stage ok Heat. 

When meteorite dust is more strongly heated in a glow tube, the 
whole tube, when the electric current is passing, gives us the fluted 
spectrum of carbon, and other bright metallic fluting* are added to 
that of magnesium at 500. Among thoso metallic flutings which are 
first added may be chiefly mentioned Mg 5210 and Mn (1) 558. 

Both these as well as the high-temperature fluting of carbon, have 
boon seen in comets, and I now proceed to give the details of the 
observations. 


Magnesium Radiation, 5210. 

While comets at thoir lowest tompenatures give tho magnosium 
fluting at 500, as they approach perihelion, to ibis is addod the fluting 
at 5210. The result when this is seen with the 517 fluting of carbon, 




Hat carbon radiation. 
Magnesium radiation. 
Integrated result. 
Oomot d, 1880. 


Fig. 1 . —Diagram allowing tbo result of the integration of tho hot carbon fluting at 
617 and the magnesium fluting at 521, compared with Comet d, 1880. 

whioh is always present, is an apparent displacement of the carbon 
fluting to a less refrangible position as shown in fig. 1. This probably 
occurred in the following comets:— 


Wave¬ 

length. 

Name of 
Comet. 

Date of 
observation. 

P.P. 

P.D. 

Observer. 

680 1 
680-0 

d 1880 
HI 1881 

7 Oct., 1880 

87 Juno, 1881 

6 Sept. 
IS June 

0-7846 

Chriitis.* 

Qa.aelberg.f 


• * Astron. Soe. Monthly Notices,' vol, 41, p. 68. 

Jt Pamphlet. 1 M6m. de 1’Acad. de St. Pltenbourg,' vol. 28, No. 2. 
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It will be seen that in each of these cases the observations were 
made when the comets were at a considerable distance from perihelion, 
when the temperature would not be very high, although higher than 
that which giveB Mg 500. 

Carbon Radiation . 

When a comet gets nearer the sun there is a change in its spoctrum 
similar to that observed in the experimental tube at the Recond stage 
of heat. Not only does the magnesium radiation change, as we have 
seen, but the spectrum of carbon, produced from some compound of 
carbon or another, in nineteen cases out of twenty when the comet 
gets nearer the sun, and near enough to the earth to be satisfactorily 
observed, becomes most prominent. 

Under these conditional, under which comets generally lend them¬ 
selves best to spectroscopic study, the spectrum consists chiefly there¬ 
fore of the flu tings of hot carbon. In the majority of cases the 
spectrum of a comet has not been recorded until it has arrived at 
this stage of temperature. 

The three chief flutings of hot carbon have their least refrangible 
maxima at approximately 517, 564, and 474. The accompanying 
table indicates some of the comets in which they have been observed. 
The variations in the position of the citron band will be again re¬ 
ferred to. 

It is necessary to state that the maximum luminosity of the bluo 
band, under some conditions, is at about 468. As I have so often 
had occasion to refer to this, I here reproduce (fig. 2) one of the 


1 . 


2 . 


3 . 


Vto. 2.—Spectra of Alcohol at different Pressures. 

1. Highest pressure. 2. Lower pressure. 3. Lowest pressure. 
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many photographs of the spectra of carbon compounds which show it. 
The diagram is taken from a photograph of the spectrum of alcohol 
vapour in a capillary tube with a 9-inch spark. 

The conditions under which this band has its maximum luminosity 
at 468 in Geissler tubes seem to be those of maximum conductivity. 
If the pressure bo high all the members of the group are sharp, and 
the luminosity of tho band is almost uniform throughout. This 
always occurs when the pressure is very low. At intermediate stages 
of pressure, however, the luminosity of the band has a very decided 
maximum at about 468. 

This latter condition lias been reproduced in many comets, though 
generally tho band has been stated to end at 474, or thereabouts, the 
maximum possibly having boon overlooked. 

It seems probable that a detailed study of this hand in our labora¬ 
tories will enable us in the future to determine the approximate 
temperature of a comet by the appearance of this band in its 
spectrum. 

In the spectrum of Comet b 9 1881 (Observation, June 28th, P.P. 
June 16, 4 Copernicus, 1 vol. 2, p. 227), Copeland states that this band 
has a fairly sharp edge at 474, and a maximum at 468. 

To measure a maximum in any band iB at all times difficult—and 
extremely so in the cases of cometary spectra—aud Copeland says of 
tho above comet:—“The spectrum seemed to change in intensity 
from moment to moment like a dancing aurora borealis.” 

The following table includes the above case, and gives also two 
other comets in which the blue baud had the same appearance :— 


O , 

N 

Jl 

Name of 
comet. 

When 

observed. 

P.P. 

P.P. 

Observer. 

p 

S' 






478 

m 

CoggM'e III, 

4 June, 
1874 

8 July, 
1874 

0-6757 

Vogel# 

478 

468 

Cf*^9t III, 

28 J une, 

16 J une, 

0*7845 

Copeland, f 



1881 

1881 

1881 


474 

470 

Comet IV, 
1881 

22 Aug., 
1881 

22 Aug, 
1881 

0-6311 

Copeland.f 


The Irregularities Observed in the Citron Fluting . 

It has long been known that the least refrangible band in oometory 
spectra shows great variation in position from the edge of the true 
citron carbon-band at 564, and many of these variations have been 

• a Astr. Fhya. Ob*.,' vol. 2, p. 180. t 1 Coporaieui/ vol. 2, p. Wft. 
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attributed to faulty observation; but this is certainly not so in all 

The following, which I quote from Dr. Copeland’s discussion of 
observations on comet spectra, is important in its bearing upon this 
point:— a We cannot omit to say a few words about the first— 
yellowish-green band. It is generally described as similar to the two 
other bands, beginning brightest towards tho red, and fading 
gradually away towards the violet. It is true the dispersive power 
of the instrument greatly modifies the appearance, but we must say, 
that under high dispersion wo have never seen the first band like the 
others: it always faded away on both sides, and had seldom a very 
mavked maximum, sometimes it had two, and, perhaps, more, and it 
seems to be the only band which shows an essentially different 
appearance in different comota, and, therefore, deserves always a 
speoial examination. Unfortunately, it is nearly always the faintest 
band, and difficult to deal with, and only in Comot III, 1881, traces of 
what may be bright lines were recognisable; that, the iron linos have 
any connexion with it is very doubtful, since E falls outside of it.” # 

Again, Professor Young remarks:— 

“ It is hardly necessary to say that tho evidence as to the identity 
of tho flame and comet spectrum is almost overwhelming. The 
peculiar, ill-defined appearance of the cometary bands at tho time of 
the comet’s greatest brightness is, however, something which I have 
not succeeded in imitating with the flame spectrum. Tho comet 
spectrum on July 2.5th certainly presented a general appearance quite 
different from that of the later observations as regards the definition 
of the bands.”t 

Other observers have also remarked this variability in the citron 
band. 

A discussion of tho recorded observations shows that this varia¬ 
bility is perfectly regular, and depends chiefly on the distance of the 
comet from perihelion. When carbon first makes its appearance in 
the spectrum as the comet approaches the sun, tho wave-length of 
the citron hand agrees with that of the carbon fluting at 564. As 
the comet gets nearer perihelion tho changes begin, and I now proceed 
to show that the irregularities are producod by a special case of 
masking duo to the addition of the radiation of manganese or of 
manganese and lead. 

In the Bakerian Lecture (page 63) T showed that in the spectra of 
some ** stars ” the characteristics of tho spectra of many substances 
are considerably modified by what I called “ masking." Thus in the 
early species of Group II wo have mangauese indicated, not by tho 
first fluting at 558, but by the second at 586. This is due to the 

# * Copernicus/ vol. 2, p. 943. 
f • Amor. Joura. Sci.,’ 3 series, vol. 22, p. 167. 
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masking effect of the bright carbon fluting beginning at 564. The 
radiation of manganese, and sometimes of lead, is added to that of 
carbon, since the first fluting (558) of manganese falls in the carbon 
band; the result is a new band of a different form. A farther com¬ 
plication, as we shall see, is added when lead, as well as manganese, 
makes its appearance. 

The addition of the manganese radiation does not take place in all 
comets at an equal number of days from the perihelion passage; it 
depends upon the perihelion distance, so that the irregularities in 
question are not observed in all comets. 

Manganese Radiation. 

When we deal with tho integration of the bright manganeso 
fluting at 558, which fades away towards the red, and tho carbon 
fluting at 564, fading towards the blue, we have as a result a band 
brightest in tho centre and fading off in both directions. If both 
flutings are well developed there will be a single broad maximum 
extending from 558 to 564, as shown in fig. 3. If both were rather 


i 

i 

◄ 


i 

i 

s 

i 


Hot carbon radiation. 


Manganese radiation. 

Integrated result. 

Great Comet 1882 (Cope¬ 
land). 


Fig. 8.— Diagram showing the result of the integration of hot carbon (517) and 
manganese (568) radiation, compared with the Great Comet of 1882. 


feeble there would be two maxima, one at 558 aud one at 564; but 
this condition has not yet been recorded. 

In the Great Comet of 1882, when at a considerable distance from 
the sun, on October 22nd, the perihelion passage occurring on Sep¬ 
tember 17th, the broad maximum condition, as shown in fig. 3, was 
recorded by Copeland. 
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Wave- 

lengths. 

Name of comet. 

Observer. 

Date of 
observation. 

P.P. 

P.D 

566 

558 

566 
568 

567 

Kncke's Y, 1871.... 
Comet IV, 1874.... 

„ 1,1877 . 

Winnecke's, 1877 .. 
Croat Comot of 1882 

Vogel* 
XonkoJyf 
Secchi J.. 
Copeland § 
Copeland || 

11 No».,’7l 
7 Sept., ’74 
2 Mar., '77 

6 May, ’77 
Oct. 22,23 

28 Deo., *71 
27 Aug., '74 
19 Jan, ’77 
17 Apr., '77 
17 Sept., *82 

0-332876 

0-8820 

0-8074 

0-007763 

0-9499 


Lead Radiation . 

When to the radiation of carbon and manganese that of lead is 
added (546 Anting), three maxima are seen, as shown in fig. 4. 


m 


4 


■3 

f 


tir 

I H 


Hot carbon radiation. 

Manganese radiation. 
Lead radiation. 
Integrated result. 
Comot III, 1881. 


Fig. 4.—Diagram showing the result of the integration of hot carbon, manganese, 
and l ead radiations, compared with the Spectrum of Comot III, 1881. 

This condition has been recorded in two comets, as in the following 
table:— 


Wave¬ 

lengths. 

Name of comet. 

Observer. 

Date of 
observation. 

P.P. 

P.D. 

568, 556, 546 
561, 557, 544 

Comet III, 1881 
Comet IV, 1881 

Copeland! 

Copeland** 

27 July .. 
22 August 

16 June, *81 
22 August. • 

0-7846 

0-6811 


* * Botbk. Beob./ yoI. 1, p. GO. + * Spect. der Cometen/ p. 60. 

t ‘Spec, der Cometen/ p. 01. § ‘Monthly Notices/ vol. 87, p. 488. 

|| * Copernicus,' yoI. 2, p. 241. ! ‘ Copernicus/ yoI. 2, p. 226. 

## * Copernicus/ rol. 2, p. 228. 
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IV. The Stage Immediately Preceding Perihelion. 

Manganese Absorption . 

It has been pointed ont that in the case of a comet approaching 
perihelion, manganese is first represented by the radiation of the 
fluting at 558. Ab the comet gets nearer to perihelion, if the 
perihelion distance be sufficiently small, we And the radiation of 
manganese replaced by absorption. 

The reason that the presence of the strongest manganese fluting at 
558 has not been previously recorded is, I fancy, that the masking 
effects of one spectrum on another, to which I referred in the Ilakerian 
Lecture, have not been present in the minds of even those obsorvors 
who were familiar with low-temperature spectra. 

I have obtained abundant evidence that the masking phenomena 
manifest themselves in the spectra of comets, but since there is in 
general so littlo continuous spectrum to be absorbed (from which we 
can gather that the meteorites are farther apart in comets at this stage 
than they are in many stars of Group II), wc have chiefly to deal, 
when discussing absorption, with the masking of the radiating citron 
fluting of carbon by the absorption of metallic vapours. 

The way in which the manganese absorption shows itself in comets 
is generally by the obliteration of the red end of the citron fluting, 
which produces an apparent shifting of the carbon fluting towards the 
more refrangible part of the spectrum. The way in which this comes 
abont is shown in fig. 5. The manganese absorption masks the 


Jlot carbon radiation. 


Manganese absorption. 


Integrated result 
Oomot III, I BOS. 


Fig. 6.—Diagram showing the result of the integration of hot carbon radiation and 
manganese absorption, compared with Comet III, 1868. 

brightest part of the carbon fluting, leaving a sharp edge at 558. 
ThiB has been observed in eight comets when not far from perihelion, 
namely:— 
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Wave¬ 

lengths. 

Namo of comet 

Observer. 

Date of 
observation. 

p.p. 

P.D. 

555 

Comet 1,1864 ...... 

Donati* .. 

Aug. 6.... 

Aug. 15i. 

0-00029 

569 

Winneoke's III, 1868 

Hugginsf 

.Tune 22 .. 

•Tune 26.. 

0-781688 

558 

Tuttle’s IV, 1871.... 

Vogel$... • 

Nov. 13 .. 

Nov. 30.. 

1*03011 

659 

Uncke’s V, 1871 .. • 

Young§ .. 

Dec. 

[ Dec. 28 .. 

0*332875 

557 

Coggia's Ilf, 1874 .. 

Vogel||,... 

June 7.... 

i June 8 .. 

0*6767 

566 

Winneoke’s, 1877.... 

CopelandlT 

April 18 .. 

April 17.. 

0*9499 

559 

Palisa’s rf, 1879 .... 

Konkoiy** 

Oct. 6 .... 

Oct. 8,.. * 

0 0890 

558 

Wells's 1,1882. 

Copelandtt 

May 28 .. 

June 10.. 

0*06076 

557 

Great Comet 11,1882 

Copelandjif 

Sept. 18 ,. 

Sept 17.. 

i 

0*007783 


Tho result is an apparent displacement of the 564 fluting, whilst the 
517 fluting retains its position. This is by far the most general case 
of masking in comets. 

D'Arrest (* ABtr. Nadir.,' No. 2001, p. 1^8), speaking of Goggia’s 
Comet, says:—“Tho centre shows a bright continuous spectrum with 
Home dark absorption bands." This observation was made on Juno 
15th, and the perihelion passage of the comet took place on July 8th, 
1874. The statement is so indefinite, however, that to determine the 
origin of tho bands is almost out of the question. It is probable that 
one of tho bands at least was due to manganese. Tho above view is 
strengthened by the fact that Vogel’s observation on Juno 15th ( 4 Astr. 
Nochr.,’ vol. 85, p. 19) gave indications of manganese absorption. 

There is another interesting point in connexion with manganese. 
In tho second part of this Appendix I show that the principal 
aurora line (557) is in all probability tho remnant of the manganese 
fluting at 558, and hence there is a close rolation botwoen tho spectrum 
of the aurora and cometary spectra. Professor Young recognised 
this relation as far back rh 1872, but be attached no importance to it. 
In a note on Encke’s Comet§ § he states that, “Although quite probably 
merely accidental, it may be also worth noting that the principal line 
of the aurora spectrum (ware-length 5568) very closely coincides 
with the lowest (cometary) band." 


Lead Absorption. 

In other cases wo have, in addition to the absorption of manganese, 
the absorption of tho lead fluting at 546. The result of this is a muoh 
greater apparent shifting of tho carbon fluting at 564, as shown in 
fig. 6. In the absence of the carbon fluting 564, which is not so 


# 1 Speotruder Cometcn/ p. 24. 
f * Phil. Trane.,’ vol. 158, p. 65G. 
t * Bothk. Beob.,' vol. 1, p. 62. 

§ 1 Amer. Journ. Sci./ vol. 3, p. 81. 
|| 4 Astr. Nachr./ vol. 85, p. 12, 
VOL. Ilv. 


H * Montldy Notices,’ vol. 37, p. 432. 
** 4 Astr. Nachr./ vol. 92, p. 301. 
ft 4 Copernicus/ vol. 2, p. 223. 
tt * Copernicus/ vol. 2, p. 223. 

§§ * Amer. Journ./ vol 3, Feb., 1872. 

N 
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- Hot carbon radiation. 
Manganese absorption. 
Lead absorption. 
Integrated result. 
Comet I, 1868. 


Fig. C.—'Diagram showing the result of the integration of hot carbon radiation and 
the absorption of manganese and lead, compared with Comot I, 1868. 


persistent as the one at 517, we should still get pretty nearly tho 
same result by contrast; that is, the darkening duo to absorption 
commencing at 545 would give rise to an apparent bright fluting at 
546, fading away on the more refrangible side. This occurred in the 
following comets:— 


Wave¬ 

lengths. 

Name of comet. 

Observer. 

Hate of 
obsor ration. 

P.P. 

P.D. 

641 
546'8 
547-4 
517‘6 

Bronen’s 1,1868 ... 

Wells’s 1,1882. 

Great Comot II, 1882 
Brorsen's a , 1879.... 

Huggins* 

CopSandt 

Copeland t 
Copeland § 

April 29 .. 
June l.... 
Sept. 18 .. 
Apnl 2.... 

j April 20.. 

I Juno 10 .. 
j Sept. 17.. 
i March 30 

O'696762 
0-06076 
0-007768 
0-689 


It is important to note, os a test of the validity of this explana¬ 
tion, that the lead fluting never occurs without the manganese one, 
otherwise we should get two bright maxima, one at 564, and the other 
at 546. 

In the case of Comet III, 1881, it seems probable that both thefirat 
and second flutings of lead were absorbing. Copeland (* Copernicus/ 
vol. 2, p. 226) states that ou June 25th, there was a dork band at 
567*9. Tho perihelion passage of the comet occurred on June 
16tb, and the band was not seen in its spectrum on auy other 
occasion. 

There can be little doubt that the band at 567*9 was due to lead 

* 1 Boy. Soo. Proe / vol. 18, p. 386. t * Copernicus/ vol. 2, p. 237. 

t * Copernicus/ vol. 2, p. ZS3. § * Monthly Notice*/ vol. 39. p. 420. 
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(X ass 568). The amount of load in the comet was probably small, and 
the first band at 546 was evidently masked by the bright carbon 
fluting observed on the same date. The diminution in brightness of 
tho comet as it receded from porihelion would account for the baud 
not being seen after Jane 25th. 

Carbon Absorption . 

There are a few cases in which we probably have to deal with 
comparatively feeble manganese absorption, together with the 
absorption of cool carbon masking the radiation of hot carbon. Here 
both the hot carbon flu tings are affected, instead of ono as in the 
previous cases. With regard to tho 564 fluting, we have the cool 
carbon absorption dating at 560'7, masking the third maximum of the 
hot carbon fluting at 554, and the manganese fluting at 558 dimming 
the first maximum. The result is a band with two maxima as shown 
in fig. 7, one of these being at 564 and the other at 554 (the 


Hot carbon radiation. 

Cool carbon abaorptiou. 

Manganese absorption. 

Integrated result. 

Coggia's Comet, 1874. 

Tig. 7.—Map showing the result of the integration of hot carbon radiation and the 
absorption of oool carbon and manganese, compared with Coggi&’s Comet, 1874. 

third maximum of the hot carbon flutings), the latter being the 
blighter. 

With regard to the other hot carbon fluting at 517, we have the 
cool carbon absorption masking tho first maximum, and we get the 
apparently paradoxical result of the second maximum of the fluting 
being brighter than the first, as shown in fig. 7. 

It is probable, too, that at this stage the outer layers of the hot 
carbon vapour would also begin to absorb; this would show itself in 
the brightest least refrangible maxima. Just as the masking of D by 
the balancing of absorption and radiation gives us the green line of 
sodium in the absence of D in some of the condensing swarms, wo 
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should here get the second maxima of the two datings brighter than 
the first. 

This doable effect on the carbon flatings at 564 and 517 of masking 
by cool carbon and manganese was indicated in Coggia’s Comet when 
it was about a month from perihelion, and in the Comet III, 1881, 
twelve days after perihelion, as shown below :— 


Wave¬ 

lengths. 

Name of comet. 

Observer. 

Date of 
observation. 

P.P. 

P.D. 

664-663 

653-563 

t 

i 

Ooggi*’. Ill, 1874 .. 
Comet III, 1881 .... 

Vogel* ... 
Oopelandf 

June 13 .. 
J uno 28 .. 

July 8 •• 
J uno 16..! 

0-6767 

0-7346 


Iron Absorption. 

In addition to the absorption flutings of lead and manganese as 
indicated by their masking effects upon tho carbon fluting at 564, we 
have indications of the absorption of the iron fluting at 615. 

In Comet Wells Vogel { saw on June 2nd (tho perihelion passage 
occurring on June 10th) a bright fluting with its brightest edge at 
618, fading towards the blue, which ho attributed to hydrocarbon. 
I 1 his was undoubtedly a contrast band duo to tho absorption of the 
iron fluting at 615. Hassolberg also observed in the same comet on 
Juno 5tli a fluting with its sharpest edge at 615 a 7, which he supposed 
to be the red sodium line at 615. Tho iron fluting has its maximum 
at 615, and fades away on the leBB refrangible Bide; hence, when 
absorbing, it will give rise to such an apparent bright band as that 
observed by Vogel and Hasselberg in Comet Wells. 

V. The Final Stagk of Hrat — Pbbihrlion. 

There is evidence to show that when a comet arrives at itB shortest 
distance from tho sau, the mean temperature effects are exceeded; 
and that, speaking generally, a line replaces a fluted spectrum, and 
we pass from a spectrum very similar to that which we ordinarily 
get in a glow-tube to one which we cannot produce in it until wo 
employ the highest temperature. The spectral conditions brought 
about in the comets which in our time have got nearest to the sun, 
have been almost similar to those observed in the oxy-coal-gas flame; 
and the recorded observations of the spectrum show that we are 
dealing with the lines of iron, manganese, and other substances seen 
at that temperature, which is below that of the electric arc. 

We see in the telescope that a comet under the conditions of near 

• 4 Astr. Nadir.,’ vol. 86, p. 12. t 1 Copernicus, 1 toI. 2, p. 226. 

t ‘Astr. Nachr./ p. 2437. 
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approach to the sun, puts on the appearance of a central nucleus 
(or nuclei), with surrounding envelopes, or jets, or both. Because 
the former now falls upon one part of the slit of the spectroscope, and 
the latter upon another, the difference between the nucleus and the 
envelopes is beBt'mado out when the comet is nearest to the sun and 
earth. 

When a comet approaches very near to the sun, wo get the bright 
lines, especially in the spectrum of the nucleus , so that in addition to the 
long flutings of carbon (if they be then visible), we have short lines 
added along the nucleus in the red, yellow, green, and so on. 

The lines characteristic of the more volatile substances extend some 
distanco from the nucleus. 

It does not always happen, however, that a comot gives a bright 
line spectrum while near or at perihelion, for the perihelion passage 
may occur at some distance from the sun, and then the spectrum 
will be simpler. 

In Comets 5, 1881 (perihelion passage June 16), and d, 1882 
(periholion passage September 17), the only lines recorded were 
magnesium b ; but the apparent absence of the other linos might be 
due to continuous spectrum. 

It should bo noted that the greatest brilliancy and maximum of 
action is observed after perihelion, hence the temperature must be 
highest after porihclion. 


Magnesium Radiation, 

In oometary spectra we have already seen that magnesium is first 
indicated by the fluting at 500, and at a more advanced stage by tho 
fluting at 521. There is evidence to show that magnesium is repre¬ 
sented by b at perihelion. This was the case in the Great Comet of 
1882 as observed by Copeland on September 18th, tho day after 
perihelion passage b was probably also seen in Cornet III, 1881, by 
Copeland* (perihelion passage, June 16th). It is described as a well- 
defined bright line standing at the edge of the bright-green band. 

Carbon Radiation. 

The disappearance of the flutings of carbon in comets which have 
short perihelion distances when near perihelion, takon in conjunction 
with laboratory experiments, at once suggests that the disappearance 
of the flutiDgs ought to be accompanied by the appearance of carbon 
lines. 

The principal line in the spectrum of carbon is at wave-length 
426. This has only been recorded on two occasions, in cometary 
spectra, namely in Comet Wells. On May 28th (perihelion passage, 

• * Copcrnioui,* rol. 2, p 22& 



178 Mr. J. N. Lockyer. On the Classification [Jan. 10, 

Jane 10th), Copeland recorded a bright line at 426*1, and it was also 
possibly shown in Huggins’s photograph of the spectrum of the same 
comet taken on May Slat, its wave-length being given as 425*3. On 
each of these occasions, other evidences of carbon were entirely absent, 
and the bright lines present in the spectrum gave indications of 
a relatively high temperaturo. 

There are several reasons why the carbon line spectrnm has not 
been recorded a greater number of times. First, very few comets 
approach snfficiently near the sun to attain the necessary temperature. 
Second, the principal line is in a part of the spectrum which is very 
difficult to observe. Even in the Great Comet of 1882, which was 
very bright, the observations did not go beyond 465. 

This conclusion cannot be regarded as final nntil careful differential 
observations of nucleus, envelopes, and jets are made. At present 
tbo exact part of the comet the spectrum of which is described is 
generally not stated, and there is evidence that, np to the highest 
temperature produced by collisions, carbon in some form is liberated 
from the meteorites composing the cometary swarm. 

The Perihelion Conditions of the Great Comet of 1882, 

As the perihelion distances are different in different comets, we 
must expect the effects to be more decided in some cases than others. 
The most remarkable caso since the beginning of spectroscopic inquiry 
was afforded by the Great Comet of 1882, most admirably observed 
by Copeland. 

It is found that many of the lines which have been observed at 
perihelion are coincident with lines seen in experiments with meteo¬ 
rites, while the low temperature lines of magnesium are absent. In 
the Great Comet of 1882, the lines recorded were the D lines of 
sodium, the low temperature iron lines at 5268, 5327,5371, 5790, and 
6024, the line seen in the manganese spectrnm at the temperature of 
the bunsen burner at 5395, and a line near b which might be dne to 
magnesium, or to a remnant of the carbon fluting. There were also 
four other lines less refrangible than D, the origin of which has not 
yet been determined. 

The following is a complete list of the lines recorded by Copeland 
and Lohse* on the day after perihelion passaged The origins of the 
lines which my observations have suggested are also given. 


* Copernicus,’ vol. 2, p. 230 



1889.] of the various Species of Heavenly Bodies, 


179 



Wave¬ 

lengths. 

Probable origins. 

Bright line... 

602*8 

Fe 002*4. 


696*3 



595 *3 


»l »»... 

693*3 



692*1 


Faint Bolt brightness. 

690 *0 


Bright D t ... 

689*8 

Na. 

Bright D s . 

688‘ft 

Na. 

, Short bright line . 

670*7 

Fe 579 *0. 

Broad band .] 

1 660*1 

2nd max. of Mn 568 fluting. 


667*4 

Mn 658. 

Bright line....1 

1 647*4 

Pb 546*0. 

ti .. ..* • • • | 

! 542 *8 



639*6 

Mn 640 *0. 


1 686*9 

Fe 637*0. 


682*9 

Fo 632 *7. 


626*9 

Fo 620 *0. 

Bright part. 

620*7 

520*3 

Mg 521*0. 

A brightness. 

617*6 

Mg (4). 

Soft band . 

511*6 


Bright band . 

510*5 
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Fig. 8 — Map showing the probable origin of the ^peetmm of the Great Comet of 1882 when near Perihelion. 
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' Fig. 8 shows the probable origins of somo of the lines in the 
spectrum of the Great Comet of 1882. The horizontal line which 
rnns through the spectrum represents continuous spectrum due to the 
bright nucleus. 

The Perihelion Conditions of Comet Wells . 

Again, in Comet Wells almost the same phenomena were exhibited 
as in the Great Comet of 1882. In this oaso the periholion passage 
occurred under such conditions that the spectrum of the comet could 
not be satisfactorily observed on account of the interference of day¬ 
light. Detailed observations, however, were made when the comet 
was near perihelion and its temperature sufficiently high to give 
bright lines. The following table gives the bright lines and bands 
with their probable origins, observed in the comet on May 31st, 1882, 
by Copeland* (perihelion passago June 10th). 


. 1 

lwgth. | Probable origin.. | 

A brightness. 

638*2 

625*5 

613*3 

598*8 

■689*3 

588*8 

580*3 

573 *8 
640*6 
612*7 

601 *7 

1 

t 

1 

i 

Na. ! 

Na. 

Fe 579. 1 

Mn 640. 

0 513. ; 

Mg 500. i 

Bright line or nearly bo . 

Bright part, line P. 

Bright Dj ... 

Bright Bj . 

Sharp bright part. .. 

Slightly brighter than neighbourhood . 

A bright part, maximum . 

Brightest part in green . 

Another maximum .. 


No origin can at present be suggested for the brightness at 573*8. 
Copeland only observed it on May 31st, and then noted it as being 
but “ slightly brighter than neighbourhood.” 

Fig. 9 shows how the Spectrum of Comet Wells, on May 28th, can 
be very closely imitated by integrating the lines and flutings in the 
above table. 

Fig. 10 shows a siytilar comparison for May 31st, when the comet 
was a little hotter. In both cases the low temperature fluting of 
magnesium was recorded; it probably had its origin .in some cool 
part of the comet which was projected on the slit at the same time as 
the nucleus. 


4 Co]>ernieus/ vol, 2, p. 229. 
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Fife 9.—Hap shoving the probable origin of the Soeetnun of Wells’ Comet on Hey 28th, 1882 (P.P. June 10th). 
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Fig. 10.—Map stowing the probable origin of the Spectrum of Wells’ Comet on May 31st, 1882 (P.P. June 10th). 
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Line Absorption at Perihelion . 

It has been seen that the first evidence of the appearance of ab¬ 
sorption in oomets is that afforded by the flatings of manganese and 
lead, which mask the citron band of carbon. The next indication of 
absorption is that of the iron fluting at 615. 

Line absorption was observed in Coggia’s Comet (1874) by 
Christie, on July 14th, but he gives no definite wave-lengths for 
the lines seen. He says:—The spectrum of the nucleus was con¬ 
tinuous ; it appeared to have traces of numerous bright bauds, and 
three or four dark lines also were seen on several occasions, but 
owing to passing clouds, they were lost before their position could be 
determined. One appeared to be between D and E, another on the 
bine side of 6, and a third near F * 

The perihelion passage of the comet oocurred on July 8th. 

There were ako evidences of absorption in Comet Wells, as observed 
at Greenwich, 

“ Two dark spaces were soon near F; the less refrangible one was 
measured and its wave-length determined as 4862 tenth-metres. It 
therefore probably is the F line/’f 

Polariscopic observations have shown that part of the light received 
from comets is refiocted light, and it has been assumed that it is 
reflected sunlight that is in question. Dr. Huggins, in his valuable 
memoir on the Comet b , 1881 ( 4 lloy. Soc. Proc./ vol. 33, p. 1), gives 
a photograph showing absorption lines which he states to be the 
inflected lines of Fraunhofer. I have not had an opportunity of 
seeing the original photograph, and it is therefore impossible to 
speak with confidence, but if the drawing is exact we are not deal¬ 
ing with reflected sunlight, ‘ for the hydrogen lines are too strong 
and the relative thicknesses of H and K are dissimilar. But varia¬ 
tions from the solar spectrum 01*0 to be noticed in the spectrum of ol 
Cygni, and they should be reproduced in a cometary swarm when 
near the sun. 

An additional argument for this conclusion with respect to 
Huggins's photograph is the absence of ultra-violet continuous spec¬ 
trum. As shown in the lithograph, the continuous spectrum appears 
to end rather abruptly, just in front of the group of bright flutings 
3883. If we had to deal with reflected sunlight this could not 
possibly happen. 

In describing the speotrum of the Great Comet of 1882,} as seen on 
the morning of September 18th, the day after the perihelion passage, 
Copeland refers to dark lines which he supposes to be the ordinary 

* 4 Greenwich Spectroscopic Observations/ 1875, p. 121. 

f 4 Monthly Notices, 1 vol. 42, p. 410. 

X 1 Copernicus/ vol, 2, p. 238 
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Fraunhofer lines. Some of the bright lines observed are described 
as being to the rcdward side of dark lines. These are— 

D s , 

547 - 4 , 

542*8, 

539*5, 

536*9, 

582*9, 

526*9 (E), 

517*6. 

In the green there were two bands, one at 560*1, and the other at 
557, both as brood as the interval of D, which had sharp dark lino 
on their redw&rd sides. 

In all probability those two bauds wore tho first two maxima of the 
manganese fluting at 558. 

The dark lines which Copeland saw woro no doubt partly due to 
the spectrum of daylight, but some were also duo to the absorption 
taking place in the comet itself. The evidence for this conclusion is 
that some of the dark lines recordod in the conictary spectrum are 
altogether absent, or are exceedingly faint in the solar spectrum. 

Thus there are no dark lines in the solar spectrum to correspond 
with the dark lines in the spectrum of the comet at 547*4, 539-5, 
and 517*6. The lines in the spectrum of the comet at 526*9 (E) 
532*9, 536*9, 542*8, D t , and D a , which also occurs in the solar spec¬ 
trum, are probably common to both the spectrum of the comet and 
the daylight spectrum. These are lines which would be likely to 
appear in the absorption spectrum of the comet, and hence it is 
highly probable that Copeland observed an integration of the radiation 
and absorption spectra of the comet and that of daylight. 

A comet gives bright lines at perihelion because there is an action 
which drives the vapours away from the meteorites. 

The vapours being driven away with great velocity, the lines in 
their spectra are displaced if the resolved part of the velocity in the 
line of sight be sufficiently great. The vapours, however, would 
surround the meteorites at the moment they were produced by tho 
heat due to impacts, and there would therefore bo dark absorption 
lines which would not suffer displacement. The total result would 
accordingly be bright lines and flutings corresponding to them 
arranged alongside each other. This, no doubt, was what Copoland 
observed in the Great Comet of 1882, the vapours of Bodium, iron, 
and lead weTe being driven away from the earth, the dark lines being 
on the more refrangible sides of the bright lines, while the man¬ 
ganese vapours were driven towards the earth, the dark flutings being 
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consequently (most probably in a different part of the comet) on the 
red ward sides of the bright ones. 

VI. GkNIRAL StATKMKNT WITH EKQAttD TO CARBON. 

The earliest spectroscopic observations of comets showed that 
carbon was a very important element in cometary spectra. Since 
then, as we have seen, carbon has also been recorded in almost every 
comet which has been observed, although the spectrum is often 
greatly modified by the presence of other substances. The experi¬ 
ments on the spectrum of carbon which 1 commenced many years ago, 
but which have boon temporarily discontinued, show that there are 
several distinct stages in the spectrum of carbon. At very low 
temperatures all compounds of carbon give a spectrum consisting of 
what I have already referred to as the cool carbon flutings. A 
higher temperature gives what I have called the hot carbon flutings, 
or carbon A. Finally wo got the line spectrum of carbon. Another 
condition, which is nob yet completely understood, is marked by the 
appearance of the group tieginning at 460, which I have called 
carbon B. # Associated with this are the groups beginning at 420 and 
388, the rotations of which to the line spectrum I have already 
discussed in a communication to the Royal Socioty ;f 1 here repro¬ 
duce a diagram, fig. 11, which I then gave, showing this relation. 


Fig. 11.—Diagram showing the relation to temperature of the carbon line and the 
violet and ultra-violet carbon B groups. The top horizon indicates the highest 
temperature. 

In the majority of cases the spectrum of a comet has not been 
recorded until it has arrived at the hot carbon condition, but in the 

# BakerUn Lecture, p. 67. 
t * Roy. Boo. Proo.,’ vol SO, p. 461. 
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case of Winneoke’s and Brorsen's Comot, to which reference has 
already* been made, wo have evidence to show that this spectrum 
appeared as the cool carbon spectrum disappeared. 

In Winnecko's Comet (perihelion passage June 25th) Wolfs 
observations on the 17th of June showed the cool carbon spectrum, as 
I have already stated. 

On the 22nd of June Huggins* recorded three bands at wave¬ 
lengths 469, 517, and 559. Nothing was recorded near 483, the 
position of the characteristic cool carbon band, so that wo are justified 
in assuming that the low-temperature condition had changed. The 
517 fluting agrees almost perfectly with the principal hot carbon 
fluting at 51G‘4. We have seen that the variability of the citron band 
is one of the principal features of cometary spectra, so that the apparent 
discrepancy in its position is of no importance here. 

The band at 469 was in all probability the hot carbon band which 
begins at wave-length 474, bnt has its maximum of brightness at 
about 468. It is very probable, therefore, that during the time which 
elapsed between the observations of Wolf and Huggins the spectrnm 
of the comet had changed from that of cool carbon to that of hot 
carbon. This change is precisely what we should expect, Huggins's 
observation being the one nearest to perihelion, when the comet was 
hottest. 

Again, we have evidence of the change from the spectrum of cool 
carbon to that of hot carbon in Brorsen’s Comet (1879), the perihelion 
passage of which occurred on the 80th of March. Konkoly’s observa¬ 
tion on the 25th of Maroh showed the characteristic cool carbon 
fluting at 483. Later observations wore made by Brediohinf on the 
28tb, 29th, and 31st March and April 2nd. Eight observations of the 
citron band gave the wave-length as 551*3. Three measurements of 
the principal green band gave 510*2 as the mean wave-length, and three 
of the blue band gave 465*5 as its wave-length. Obviously, these was 
no cool carbon in the comet spectrnm on any of these dates, which are 
all nearer the date of perihelion passage than the date of Konkoly’n 
observations. It may be remarked that if the blue band is corrected 
as we have to correct the first green one to obtain the true wave¬ 
length (516*4), we obtain a wave-length not far removed from that of 
the hot carbon band, 474. The apparent displacement of the citron 
carbon band has before been referred to. As in the case of 
Winnecke’s Comet then, as Brorsen’s Comet (1879) approached 
perihelion, its spectrum changed from that of cool carbon to that of 
hot carbon. 

In Wolls’s Comet, as already stated, there was, in all probability, the 
line spectrum of carbon. All the detailed spectroscopic observations 

* * Phil. Trans./ vol. 158, p. 556. 
f * Astr. Nadir.,' No. 2357. 
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of this comet were made between May 20th and June 11th, the 
perihelion passage occurring on June 10th. 

The comet gave indications of a comparatively high temperature 
during all of this interval, so that the derivation of the line from the 
fluted spectrum of carbon, or vice versd, cannot be traced. 

In addition to this evidence of the existence of carbon in comets, 
we have further evidence afforded by Dr. Huggins’s photograph of the 
spectrum of Comet HI, 1881,* taken on June 24tb, the perihelion 
passage occurring on Juno 16th. Besides the dark line spectrum to 
which I have previously referred, the photograph shows three groups 
of apparent bright lines. Measurements of the two strongest lines in 
the most refrangible group gave, according to Dr. Huggins, 3883 and 
3870 as the wave-lengths. Dr. Huggins says (p. 2):— 11 The less re¬ 
frangible line is much stronger, and a faint luminosity can be traced 
from it to a little beyond the second line at 3870. Thera can be, 
therefore, no doubt that; these lines represent the brighest end of the 
ultra-violet group which appears undor certain conditions in the 
spectra of the compounds of carbon. Professors Liveing and Dewar 
have found for the strong lino at the beginning of this group tho 
wave-length 3882*7, and for the second line 3870*5. 

“ I am also able to see upon tho continuous solar spectrum, a 
distinct impression of the group of lines between G and h which is 
usually associated with the group described above. My measures for 
the less'refrangible group give a wave-length of 4230, which agrees as 
well as can be expected with Professors Liveing and Dewar's measures 
4220.” 

In addition to tho two groups of bright lines above mentioned, a 
third and fainter group betweon h and II is shown by Dr. Huggins. 
On the lithograph which accompanies tho paper these lines are shown 
at approximate wave-lengths of 4059, 4052, 4044, und 4038, but no 
origin is suggested for them. 

Messrs. Liveing and Dewar have attributed the two groups first 
mentioned to cyanogen; but my own researches, which are still far 
from complete, have not convinced me tliat this view is correct. I 
may state, and here Messrs. Liveing and Dewar's observations agree 
with my own, that the most characteristic cyanogen group is one 
beginning at about 461; and since there is no trace of this in the 
photograph, it does not seem likely that the groups seen can be taken 
as proving the existence of cyanogen. 

In a paper which I communicated to the Aoyal Society in 1880f I 
described the two groups of lines, or rather flutings, which are 
referred to in Dr. Huggins's paper, and I also gave their wave-lengths. 
I have since found that under certain conditions other compounds of 

* * Boy. Soc. Proo./ vol. S3, p. 2. 
t 1 Boy. Soc. Proo./ vol. 30, p. 461. 
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carbon (five the second and last members of the ultra-violet group, 
at wave-lengths 3873 and 3650, or lines coincident with them, when 
the other three are entirely absent. I have, however, found no con¬ 
dition under which the first two member of the group, at wave¬ 
lengths 3883 aud 3870, are as muoli brighter than the remaining 
ones, as they are shown in the lithograph which accompanies 
Dr. Huggins's paper. As shown in the lithograph, the distance 
between the two brightest members of the group is considerably greater 
than the distance between the first two members of the ultra-violet 
carbon group, and if this fairly represents the photograph, the sugges¬ 
tion is that we have to deal with the two lines at 3850 and 3873 to 
whioh I have referred. Under the conditions at which these are 
produced, however, 1 have never obtained at the same time the group 
in the blue beginning at 4215, and we should therefore not expect to 
find them associated with each other in comots. It is also worth 
noting that nearly all the lines of this gronp approximate very closely 
to lines in the flame spectrum of iron. We know that bright iron 
lines do occur in comets, as, for instance, in Comet Wells and the 
Great Comet of 1882, and it is nearly certain that the four faint lines 
between h and H are flame lines of iron and manganese; it is quite 
possible, therefore, that the blue-group is not due to carbon at all. 
The group of four faint lines is certainly not due to carbon under 
conditions which we are able to reproduce. 


VII. Sequence of Phenomena in Comktahy Spectra. 

The first stage in the spectrum of a comet is, we have seen, that in 
which there is only the radiation of ilie magnesium. The next is 
that in which Mg 500 is replaced wholly or partially by the spectrum 
of cool carbon. Mg 5201 is then added, and cool carbon is replaced 
by hot carbon. The radiation of manganese 558 and sometimes 
lead 546, is then added. Absorption phenomena next appears, 
manganese 558 and lead 546 being indicated by their masking effect 
upon the citron band of carbon. The absorption band of iron is also 
sometimes present at this stage. At this stage also the group of 
carbon fluting* which I have called carbon B* probably also makes its 
appearanoe. As the temperature increases still further, magnesium 
is represented by 5, and lines of iron appear. This takes place when 
the comet is at or near perihelion. At this stage the repellent action 
of the sun upon the comet is most effective, and if the vapours are 
driven off in the line of sight with sufficient velocity, the bright lines 
Irill suffer displacement. A double set of phenomena would thus be 
presented $ there would be radiation lines of one wave-length from 
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* Bakeri&n Lecture, p. 63. 
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the vapours thus driven off, and absorption lines of a different wave* 
length from the vapours surrounding the stones in the head. 

As the comet recedes from perihelion, these changes take glace in 
inverse order. 

The map, fig. 12, represents the sequenoe which the discussion has 
shown to be the most probable. 

The following is a list of the oomets which most nearly approach 
the conditions represented, the numbers referring to those placed 
opposite the various horizons in tho map:— 


13. Great Comet, 1882 . Copeland. 

12. ,, „ ,, • .. 

11. Comet &, 1881. Huggins. 

10. „ I, 1882 . Vogel. 

9. „ I, 1868 . Huggins. 

8. Coggia’s Comet, 1874. Vogel. 

7. Comet TIT, 1868 . HugginB. 

6. „ III, 1881 .. Copeland. 

5. Great Comet, 1882 . „ 

4. Comet d, 1880. Christie. 

3. „ 111, 1881... Copeland. 

2. Wiimeeko’s Comet, 1868 ... Wolf. 

1. Comet I, 1866 . Hugging. 


This complete sequence has never been observed in any single 
comet, but it has boon continued in some comets where it has been 
left off in others. Many comets have never been observed beyond 
the hot carbon stage, whilst others, like Wells’s Comet, have not been 
observed below that stage. Again, this sequence is what we should 
expect from laboratory observations. The table on p. 191 shows tho 
sequenco of the different spectra in a few cases, and it will be seen 
that in each case, as far as the observations go, the different bands 
appear in the foregoing order. 

In the case of Eneke’s Comet, 1871 (p.p. December 28th), as tho 
comet approached perihelion, hot 6arbon radiation was succeeded by 
the integrated radiations of hot carbon and manganese, and this again 
by the integration of hot carbon radiation and manganese absorption 
as shown in fig. 13. 

The slight variations shown in the positions of the green band 
(517) are assumed to be due to errors of observations. As I have 
already explained, the apparent position of the blue band depends 
upon temperature, the point of maximum luminosity varying between 
468 and 474. 

The case of Comet III, 1881 (fig. 14), is a little more complicated, 
but the general result is the same, namely, that radiation phenomena 
succeed absorption as the comet recedes from perihelion. Twelve 
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Fig. 18.—Encke’a Comet (P.P., Dee. 28th, 1871). 


Comet III, 1881 (P.P., June 18th). 


July 27 
June 28 

Fig. 11.—Diagram showing the Spectrum of Comet 111, 1881, on June 28th and Julj 27th, 
showing that absorption occurs nearer to perihelion than radiation. 

days after perihelion passage, the spectrum of the oomet consist jd of 
the integrated spectra of hot carbon radiation, and the absorption of 
cool carbon and manganese, as indicated by the masking of the 
second and dimming of the first maximum of the citron Anting (see 
fig. 7). A month later still, the absorption bands disappeared, and 
the spectrum of the comet consisted of the integration of hot carbon, 
manganese, and lead radiations. On both occasions the blue band 
had a maximum at 468. 

In the Great Comet of 1882 we have a good example of tho passage 
of the spectrum from that of manganese and hot carbon radiations 
to that of hot oarbon alone as the comet cooled. The spectrum 
recorded by Copeland on October 22nd showed the first condition, 

Groat Comet of 1882 (P.P., Sept. 17th). 
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Fig. 18.—Digram allowing the Spectrum of I lie Great Comet of 1881 at different dates. 
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and the observations of Qothard between November let and 
November 18th showed the second (see fig. 15). 

This sequence may not have been apparent in some comets for two 
reasons. In the first place, a complication is introduced by the 
unequal displacements of the bands at different times dne to motion 
iu the line of sight, which is variable, and is sometimes very great. 
Many, apparently, faulty observations are probably to be accounted 
for in this way. 

Again, different observers may not have reoorded the spectrum of 
exactly the same part of the comet, though in general it may be 
assumed that the brightest part will have been examined. There 
must be regions of different temperatures iu the same comet, and, 
from what I have shown in this paper, the spectra of different 
portions will vary considerably. One part of the oomet may give hot 
carbon, whilst another may give cool carbon radiation. The wave¬ 
lengths of the bands Been in the two cases would differ, and the results 
would apparently disagree. In futnxto observations, therefore, it is 
very important that the exact portion of the comet examined should 
be stated. 


VIII. More Detailed Discussion of certain Comets, with Special 
Reference to Approach and Recession from Perihelion. 

Comet Wells . 

Comet Wells was first seen on the 17th of March, 1882, its peri¬ 
helion passage occurring on June 10th. During the earlier observa¬ 
tions, made by Vogel, Taochini, and others in April, its spectrum 
presented no feature of special interest, consisting merely of “ faint 
traces of the customary three bands close to the weak, faint, con¬ 
tinuous Bpectrum of the nucleus." 4 At Greenwich, on May 20th, 
Maunder suspected 11 a dark band near D on the blue side of that 
line,” due most probably to the absorption of the second manganese 
fluting at 586, the first being masked by the citron carbon band. 

By May 22nd, when the spectrum was again observed by Vogel, the 
oomet had much increased in brightness, and 11 the continuous 
spectrum of the nucleus had increased in intensity and extent, and 
was not different from the spectrum of a fixed star.” 

On May 27th, however, Copeland and Lohse noticed a bright line, 
so faint aB to require some attention to see it, in the lose refrangible 
end of the spectrum, which they identified with the D line by com¬ 
parison on the following day. At the same time they observed a 
bright part at wave-length 558, due, there can be little doubt, to the 
first manganese fluting at 558, A maximum at 508 may have been 


• Haaaelberg, 1 Astr. Keefer.,' No. 8441. 
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due to the low-temperature magnesium fluting at 500. On the 29th 
of May the spectrum of the comet was again observed bj Cope¬ 
land and Lohse, and the identity of the bright line in the yellow 
with the D line placed beyond doubt. On the preceding day a Dun 
Echt circular had announced the discovery as follows:—“ The 
spectrum of the nucleus of Comet Wells deserves the closest attention, 
ns it Bhows a sharp bright line ooinoident with D, as well as strong 
traces of other bright lines, resembling in appearance those seen in 
7 Cassiopei© and allied stars." 

Dr. Huggins succeeded on the 31st of May in photographing the 
spectrum of this comet, and, as was to be expected, could detect no 
trace of the ultra-violet carbon fluting which was seen in his photo¬ 
graph of Comet 6 , 1881. I have already had occasion to refer to 
this photographed spectrum.* 

On the same day tho spectrum of this comet was observed by 
Maunder, Copeland, Vogel, and others. The most complete rocord 
is that made by Copeland and Lohse. They observed “ a bright part; 
lipe (?) ” at wave-length 614*1, for which the reading on the follow¬ 
ing day gave 615'7. There can be little doubt that this was a con¬ 
trast band due to the absorption of tbo low-temperature iron Anting 
At 615. At the same time there was a maximum brightness in the 
green at wave-length 501*7, caused most probably by the radiation 
of the magnesium fluting at 500, in addition to the continuous 
spectrum. 

“A bright part, a maximum" of which the wAvo-length recorded 
on May 31st was 543*6, aud on the following day 546*8, was due 
in all probability to absorption by the lead fluting at 546, as 1 have 
already explained. It was on this night (May 31st) that Vogel first 
observed and identified the bright sodinm line. “ When 1 examined 
the spectrum, on May 31st," he writes, “ I was greatly surprised by a 
line in the yellow of great intensity. Measurements and comparisons 
seemed to identify this line with the sodium line. Yesterday, June 
1st, several measurements were mode by Dr. Muller, Kempf, and 
myself, whioh showed an agreement of the bright line in the spectrum 
of the comet's nucleus with the D lines; considering the dispersion 
used this agreement must be oalled an absolute one. The continuous 
spectrum extended from about 0 to deep in the violet. Besides the 
bright yellow line traces of bright bands were present, perhaps also 
some dark absorption-lines."! Writing later, he describes the 
observations of Jane 2 nd thus: “ The bright line was, not only in 
the spectrnm of the nucleus, but also in the parts of the oomet near 
to the nucleus, distinctly visible. Besides this, several more bright 
bands could be seen, which stood out more distinctly when the slit of 

# * Boy. Soe. Proo.,* vol. 48, p. 180. 

t 1 Aitr. Ntchr./ No. 2434. 
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the spectroscope was not directed on the nucleus itself, bnt on parts 
of the comet close to it.” He farther states that he observed a bright 
band fading towards the blue, to which reference has been made 
above, and for which he obtained the wave-length 613. This we have 
seen was probably a contrast band due to the dark iron fluting at 615. 
From this date until the comet was lost to view no farther change of 
note took plaoe in the spectrum of this comet. 

On Jane 2nd Vogel observed dark bands in the spectrum of Comet 
Wells,* but suggests that they might have been due to atmospheric 
absorption. He says: “ The dark absorption-bands, which are still 
visible in the comet’s spectrum, may probably have their origin in 
our atmosphere, the absorbent action of which, at the inconsiderable 
height of the oomet above tbe horizon, is very powerful.” 

Again, Vogel status that dark absorption-bands were possibly 
present on July 1st, the perihelion passage occurring on the 10th of 
Juno. Vogel's suggestion is very important, but sinco no wave¬ 
lengths were determined, it is not possible to say how far it is sap- 
ported by the facts. 

It might, on flrst consideration, be expected that the changes in 
the spectrum of a comet as it approaches the buu must be perfectly 
continuous. The spectrum of Comet Wells, however, was a case in 
whioh the changes in the spectrum wore apparently discontinuous. 

On May 30th and 31st, as already stated, dark bands were observed 
by Mr. Maunder,f which were in all probability due to manganese 
absorption. 

Between these two dates, ».<»., on May 28th, Copeland observed a 
bright part at 558 which was cloarly due to manganese radiation. I 
have already shown that manganese radiation occurs further from 
perihelion than manganese absorption. The Greenwich observation 
of absorption on May 20th, whilst radiation occurs on May 28th, 
nearer to perihelion, is therefore apparently a discontinuity. 

I showed in the Bakerian Lecture that variable stars may bo 
explained by considering the meeting of two meteor-swarms and the 
consequent increase of temperature due to the impacts. Comets, 
apparently, go through similar changes and suddenly increase in 
brightness, as I show in another part of the paper. The explana¬ 
tion is probably the same for comets os for stars, and Comet 
Wells affords a good example of the fact. It is most probable that on 
May 20th the comet met another meteor-swarm in its orbit, and an 
increase of temperature took plaoe; this meant manganese absorption, 
and this was what was observed. 

All the other changes in the speocrum were perfectly continuous as 

• «A*tr. Nwhr.,’ No. 2437. 
t * Ureenwtoh Observations, 1 1882, p. 34. 
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tbe comet approached the sun, the perihelion passage occurring on 
June 10th. 

'The perihelion passage occurred under such conditions that the 
spectrum of the comet could not be satisfactorily observed on account 
of the interference of daylight. Detailed observations, however, 
were made when the comet was near perihelion and its temperature 
sufficiently high to give bright lines. 

I have already discussod the spectrum of this comet when the lines 
were best seen (May 31st), and the discussion shows that we had 
remnants of the fluting of magnesium at 500, and of theblno carbon 
band at 468. The line of carbon at 426 was probably also visible, and 
the temperature was high onough for the appearance of iron. 

As the comet approached perihelion the conditions of observation 
became legs favourable. Between Juno 5th and Jnne 11th, the 
perihelion past-age occurring on June 10th, nothing but the D lines 
were recorded. After June 11th the comet was lost. 

The Great Comet of 1882. 

The spectrum of the Great Comet of 1882 was first observed on 
September 18, a day after perihelion, by Copeland.* 

The spectrum consisted of bright and dark lines, among which was 
the bright yellow line of sodium, several bright lines in the groen, E, 
and some prominent iron lines and five well-defined bright lines on 
the red side of D. These have already been referred to. In addition 
there were two dark lines on the redward side of 558 and 560, which 
were most likely the edges of the first two maxima of the manganese 
absorption fluting at 558. No more observations could be made at 
Dun Echt until September 29, and in the interval most of the bright 
lines in the spectrum had disappeared, whilst the carbon bands had 
made their appearance. The D lines were still bright, but E and the 
other lines had vanished. There was, however, something which is 
described as “ almost a line” at 610*3; this, no doubt, whs the iron 
fluting at 615. 

The next observations of the comet were made by Vogel,t on the 
1st, 5th, 6th, and 7th October. On each of these occasions D was 
still visible as a bright double line, in addition to the ordinary cometary 
flutings. 

When the next observation was made on October 16th, by Hassel- 
berg,$ D had disappeared. On the 22nd and 23rd October, Copeland 
again observed the spectrum, and it then consisted of the three ordi¬ 
nary cometary bands; the citron band had a maximum at about 
wave-length 557. Here Mn radiation had evidently commenced. 

• 1 Coptmicus,’ vol, 2, p. 237. 
t 1 Astr. Nsohr.,’ No. 2406. 

A J 4 Astr. Nachr.,* No. 2473. 
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« 

The later observations of Gothard* and Konkoly,f showed nothing 
but the three ordinary bands. 

No observations were made after the comet had got snffioiently 
cool to show either tho cool carbon flutings or the magnesium fluting 
at 500. 

Although the observations are not perfectly continuous, there is 
conclusive evidence that the reduction in temperature of the comet 
consequent on its departure from the neighbourhood of the sun was 
accompanied by tho following changes in its spectrum:— 

18th September. Bright and dark iron lines and manganese 
flutings. 

29th September. Bright flutings of iron. 

22nd October. Bright manganese. 

1st November. Hot carbon radiation. 

The two latter stages have already been specially referred to (p. 193). 

No doubt if further observations had been possible the flutings of 
hot carbon would have been replaced by cool carbon flutings, and these 
again by magnesium 500. 


Coggia*8 Comet . 

The perihelion passage of this comet occurred on July 8th, 1874, 
and the available observations of its spectrum date from May 18th to 
July 14th. On May 18th, Vogel J observed three bands, one of which 
was at wave-length 51o. This was probably the hot carbon fluting at 
517, but as the wave-lengths of the other bands are not given, it is 
not possible to come to a definite conclusion. 

On the 18th May Vogel again recorded tho three bands, the prin¬ 
cipal one commencing at 516'5, and having a second maximum at 612. 
It is probable that these were the first two maxima of the green carbon 
band, the wave-lengths of which are about 517 and 513. 

On June 4th, the date of Vogel's next observation, tho three bands 
were still visible. The wave-lengths are given as 562, 514, and 473. 

On June 7th, Vogel’s observation recording three bands at 557, 518, 
and 473, give evidence of manganese absorption, as indicate^ by the 
apparent displacement of the citron carbon band in the mantlet 1 have 
already explained. 

On June 13th, 14th, and 15tb, in addition to the absorption of man¬ 
ganese, there was probably the absorption of cool carbon, as indicated 
by the masking of the 2nd maximum of the citron carbon band, as I 
have already explained. 

D’Arreat'B observations! on June 15th, 16th, and 17th, show that 

• * Aitr. Naehr.,' No. 2472 and 2716. 
t * Aatr. Naohr.,' Vo. 2475. 
t ' Aatr. Naobr./ No. 2018. 

§ 1 Aatr. Nsobr.,’ No. 2001. 
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the manganese absorption was increasing, whilst the carbon was 
probably beginning to fade out. 

The later observations of Vogel, on Jane 22nd, and of Christie,* 
between July 3rd and 14th, are incomplete, inasmuch as the positions 
of all the bands were not determined. Vogel gives the position of the 
green band as £15, bnt simply states the presence of the citron and 
bine band. Christie states that two of tho bands were sensibly coinci¬ 
dent with the two principal bands in the spectrum of carbon dioxide 
(probably carbon 517 and 474), bat the position of the third band 
was not determined. It is scarcely possible, therefore, to say how far 
the indications of manganese absorption have increased between 
June 22nd and July 14th. Christie states, however, that there was 
line absorption on July 14th, six days after perihelion. 1 have stated 
in another part of the papor that the highest temperature effects do 
not occur until the comet is some distance beyond perihelion, and this 
is a case in point. 

As Coggia's Comet approached perihelion, therefore, after having 
first become visible, the first recorded change in its spectrum was the 
addition of manganese absorption to carbon radiation, but the dis¬ 
cussion of other cometary spectra shows that there was probably an 
intermediate stage between June 4th and June 7th, when instead of 
manganese absorption, manganese radiation was added. A little later 
oool carbon absorption was added. Finally, just after perihelion, 
fluting was replaced by line absorption. 

In observations in my own observatory with my 6£-inoh refractor, 
I obtained indications that the blue rays were singularly deficient in 
the continuous spectrum of the nucleus of the comet; and in a com¬ 
munication to 1 Nature *f I suggested that this fact would appear to 
indicate a low temperature. 

This conclusion was strengthened by observations which I made at 
Newcastle with Mr. Newall’8 telescope. The colour, both of the 
nucleus and of the head of the oomet, as observed in the telescope, was- 
of a distinct orange yellow, and this, of course, lends confirmation to- 
the view expressed above. While ten minutes* exposure of a photo¬ 
graphic plate gave no images of the comet, the faintest of seven stars 
in the Great Bear gave an impression in two minutes. 

The 6tn also gave a continuous spectrum but little inferior in 
brilliancy to that of the nucleus itself; while over these, and even the 
dark space behind the nucleus, was to be seen the spectrum of bands,, 
which indicates the presence of a rare vapour of some kind, while the 
continuous spectrum of the nucleus and fan, less precise in its indi¬ 
cations, may be referred either to the presenoe of denser vapour v or 
solid particles. 

• 1 Greenwich Observations,’ 1875, p. 121. 
f 1 Nature/ rol. 10, p, 180,1874. 
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I found that the mixture of continuous band spectrum in different 
parts was very unequal, and, further, that the apparently continuous 
spectrum changed its character and position of maximum. Over some 
regions it was limited almost to the region between the less refrangible 
bands. 

I wrote at the time:— 

“ It is more than possible, I think, that the comotary spec tram, 
therefore, is not so simple as it has been supposed to be, and that the 
evidence in favour of mixed vapours is not to bo neglected.” 

Comet III ; 1881. 

The perihelion passage of this comet occurred on June 16th. 1 

have already remarked that Copeland* observed on Jnne 25th a dark 
band at 567'# in this Comet, in addition to the hot carton radia¬ 
tion. This band was probably due to lead at 568, the first band at 
546 being masked by the hot carbon. Manganese absorption was also 
indicated on the same date. On June 25th the spectrum of this comet 
was photographed by Huggins, and the carbon H group of flntings 
was stated to have been seen, giving indications of a relatively high 
temperature. As the comet receded from the sun other phenomena 
were observed. On Juno 27 magnesinm at 520 was detected by 
Hasselberg; manganese absorption was again indicated in Copeland's 
observations on June 28, and manganese radiation on June 29 and 
July 27. I have already liad occasion to refer to these two conditions 
(p. 193). 

No observations were made on the comet after July 27, or the hot 
and cool carbon flutings would doubtless have been recorded alone. 
Carbon radiation is indicated in all the observations that were made 
from June 25 to July 27. 

It should also bo noted that hydrocarbon at 431 was observed on 
June 28tb, by Copeland; but neither before nor after this date was 
hydrocarbon recorded. The reason probably is that the band is too 
far in the violet to be very manifest. Copeland recorded it as “a 
bright line, common to spirit-lamp and comet,” and hence there can 
be no mistake as to its identity. 

Brorsen’s Comet 

The observations of this comet at its appearance in 1868, made by 
•Secchif between the 23rd and 27th of April, 1868, and by Hoggins} 
between April 29th and 13tb May, 1868, perihelion passage occurring 
on April 20,1868, differ very considerably. 

Secohi observed flutings at 473, 512, and 553. The first of these 

* 1 Copernicus/ vol. 2, p, 225. 

f 1 Comptti* Rendu*/ roL 66, p. 862. 

t • Roy. Soc. Proo./ rol. 16, p. 886. & 
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agrees almost exactly with the blue band of hot carbon, and if the 
two other bands be shifted by equal amounts, so that the first one 
coincides with hot carbon 517, and the second consequently with 
manganese 558, we have indications of manganese added to carbon 
radiation; the description of the band, however, is insufficient to 
enable us to say whether the manganese was radiating or absorbing. 

Huggins gives flutings at positions which, when reduced, give 464, 
508, and 544, as the wave-lengths. The wave-lengths of the two less 
refrangible onos are apparently shortened, as if they were shifted 
towards the blue. It in probablo, however, that manganese was indi¬ 
cated by the observations of Huggins, for if we shift the band at 
508 to 517, the 544 band becomes 553, which is not far removed from 
the manganese fluting. Tho drawing given by Huggins shows this as 
a somewhat narrow band, fading away in both directions, which 
would seem to show that there was manganese radiation added to 
carbon radiation, as 1 have previously explained. This being so, 
since Huggins's observations were made when the comet was farther 
from perihelion than at the time of Secchi’s observations, the dis¬ 
cussion of the sequence of changes in other cometary spectra suggests 
that in Secchi's observations we had to deal with the absorption of 
manganese. 

In a note on the spoctrnm of lirorseu’s Comet at the next return 
(1879), Professor Young* refers to Huggins’s observation. He states 
that M the only special interest in this (Professor Young’s) observa¬ 
tion lies in the fact that in 1868 Mr. Huggins obtained a somewhat 
different result for the same comet.” He further goes on to say: “ 1 
am entirely at a loss to explain Mr. Huggins’s result. It can hardly 
be that the comet has really changed its spectrum in the meanwhile, 
and a careful reading of his account (‘Roy. Soc. Proo./ vol. 16, 
p. 388) gives no light as to how an error could have crept into his 
work; on the other hand, every precaution would seem to have been 
taken. However tbis may be, I am quite positive as to tho aticuracy 
of my presont result—that the middle band of the spectrum of this 
comet now coincides Bensibly (to a one-prism spectroscope) with the 
green band in the hydrocarbon spoctrnm.” 

1 have now shown that the spectrum of a comet is by no means a 
constant, but depends upon the distance of tho comet from perihelion 
passage. The speotrum is, therefore, not necessarily the same at too 
different returns, as Professor Young supposes, although it may bo 
the same at equal distances from perihelion. 

It is impossible, however, to explain Huggins's observation of 
Brorsen's Comet without assuming a shift, which is probably instru¬ 
mental. In the face of this difficulty, I venture to suggest the above 
as the probable explanation of the speotrum of this comet. 

9 • 1 Amer. Journ.,’ vol. 17, May, 1879. 
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There are no farther observations which might enable os to farther 
tcaoe the sequence of speotrosoopioal phenomena in the comet at this 
return. 

At the next return, however (perihelion passage March 30, 1879), 
several observations were made on different dates. Low temperature 
carbon bands were recorded on 25th March, 1879.* Bredichinf made 
a aeries of observations, extending from 26th March to 2nd April, 
bat only gives one set of wave-lengths, as if no change had occurred 
in the spectrum of the comet during the interval. The observations, 
however, seem to indicate hot carbon with manganese absorption. 

An observation was made two days after perihelion by Young,$ 
who observed bands near 476 and 560, and measured one at 512. 
These are probably hot carbon bands with manganese absorption ; in 
the case of the green band at 512, the first maximum of the fluting 
at 517 was probably masked in the way 1 have already explained, so that 
the second maximum at 513 was the brighter. On April 17, the Astro¬ 
nomer Royal § observed cool carbon bands in the comet’s spectrum. 

Messrs. Copeland and Lohsell observed the comet from April 16 to 
May 2, and give 547 6, 515*6, 469*6 as the wave-lengths of three 
bands. Of the baud at 547*6 they say, “ it was very ill defined on 
both sides, and being without any definite brighter part, its wave¬ 
length is very uncertain.” The measurements made on April 16 are 
not given separately, nor is it definitely stated that any measurements 
were made on that day. The apparent discrepancy of hot carbon 
being Been when the comet was further from perihelion than when 
cool carbon was soen, is most probably another case of a comet tem¬ 
porarily passing through a meteoric swarm, and thereby increasing 
in temperature, as was the case with Comet Wells, 1882, on May 20th. 

Winnccke's Comet in 1877. 

Winnecke’s Comet, 1877, was observed by Lord Lindsaylf on 
April 18th, a day after perihelion. Its spectrum presented much the 
same characteristics as in 1868. Bands at 472*2, 516, and another 
near 556 were observed. The strongest was at 516 and the band at 
556 is given as very weak. 

We, no doubt, have here another case of manganese absorption 
occurring in conjunction with hot carbon radiation, when a comet is 
near perihelion. On May 5th, the spectrum of the comet gave every 
indication of hot carbon in conjunction with manganese radiation, the 

• 0. Konkoly, 1 Astr. Nochr./ No. 2269. 

+ ‘ Aatr. Nadir./ No. 2257. 

X * Amer. Joum./ vol. 17. 

| 1 Monthly Notices/ vol. 89, p. 429. 

I) 1 Monthly Notices/ vol. 39, p. 430. 

f * Monthly Notiocs/ voL 37, p. 430. 
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band given at wave-length 568 being evidently due to the radiation 
of the latter element, since the band fades away in both directions. 

Another band was measured at 467*9, and is most probably the 
carbon band at 474 which under certain conditions has it maximum 
at 468 instead of 474. 

On May 6th the comet was again observed. A very faint line was 
seen at 569 and another at 543. These were probably due to the lead 
flutings at wave-lengths 568 and 546. 

The apparent absence of lead in the spectrum observed on May 5th 
may probably be due to the incompleteness of the observations on 
that date in comparison with those made on May 6th. Or it may be 
that the greater brightness of the continuous spectrum masked the 
two faint remnants of the lead Hating. 

Other bands were observed on May 6th, the hot carbon and the 
mangoneso radiation at 558 being clearly indicated. 

An observation was made on May 15th at Greenwich* and it is 
interesting to note the change that had taken place. A band at 517 
was measured, and two others observed, one about 483 and another 
about 561. Here, clearly, we have indications of cool carbon radia¬ 
tion occurring as the comet receded from the sun, the observations 
having been made nearly a month after perihelion. 

As the comet receded from the sun, then, manganeso absorption 
was succeeded by manganese radiation, hot carbon being indicated in 
both cases. No further observations were made until nine days after 
the latter condition was observed, and then the spectrum was that of 
cool carbon. Doubtless there was an intermediate stage in which 
hot carbon was observed alone. 

IX. Possible Causes of Collisions in Comets. 

Internal Work . 

Professor Tait’s view as to the origin of collisions in a meteor-sw^rm 
entering our system as a comet was that they were a consequence of 
the movement of the individual meteorites along approximately 
elliptic orbits, described in somothing like equal periods in any plane 
about their common centre of inertia. 

The group was also supposed to be subjeoted to a sort of tidal dis¬ 
turbance by the sun.f 

It is certain that one of the principal causes of the increase of 
temperature of a comet during its approach to perihelion is the 
inoreaaed number of collisions due to the greater tidal action which 
takes place. Henoe the larger the swarm, the greater the difference 
between the attractions of the sun upon opposite sides of it, and there¬ 
fore the greator the disturbance set up. Also, the shorter the 
* ' Greenwich Observations,* 1877. 
f 1 Bdinb. Boy. Soc. Proc./ vol. 10, p 367,1879. 
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perihelion distance, tlie* greater fraction of it is tho diameter of tha 
swarm, and the greater therefore the differential attraction. 

The initial movements of the individual members of the swam, 
and these snperadded by tidal action, may be defined as producing 
internal work. 

If all the heat of a comet is produced by such internal work, it is 
clear that the temperature of tho comet will depend (1) upon the 
velocity of orbital motion of the particles, (2) upon the size of the 
swarm of which it is composed, and (3) upon its perihelion distance. 
It will practically be independent of the velocity of tho comet in its 
orbit round the sun. 

While some comets at perihelion give such high temperature 
phenomena as were observed in Comet III, 1881, Wells’s Comet, and 
the Great Comet of 1882, others, like Winnecke’s Comet, 1868, give 
only the spectrum of carbon. 

These differences are what we should expect from the known peri¬ 
helion distances, and it must be understood that the four stages into 
which the different degrees of activity in a comet have been divided 
in this paper are those which occur in a comet with a short perihelion 
distance. In comets with a long one, perihelion effects may only be 
equivalent to mean distance effects in comets with short perihelion 
distances. 

1 have prepared the following list of the perihelion distances of the 
comets which have been discussed, the distances being given in 
termB of the astronomical unit, derived from the data given in the 
4 Annnaire dn Bureau des Longitudes.’ 

In the various tables which precede, for each comet the date of 
observation, perihelion passage, and porihelion distance are stated. 


Nome of comet. 

Perihelion 

passage. 

P. 

distant#. 

Reference. 

Comet 1,1804 ... 

Aug. IS, 1864 

0*80929 

‘Annu&ire Bureau dei Long./ 
1886, p. 198 

1874, p. 100 

Bronson. 

April 20.1868 
March 30, 1870 
June 20,1868 

0-396762 

>» . 

0-689892 

1883, p. 240 

Winneokc ....... 

0-781388 

1874, p. 100 

Comet I, 1871.. 

„ 10,1871 

0*6643 

1883, p. 210 

Tuttle's. 

Nov. 30,1871 

1*03011 

1883, p. 240 

Kncke . 

Dec. 28,1871 

0*332876 

1874, p. 100 

Comet IV, 1878.. 

Sept. 10,1873 

0*7840 

1888, p. 218 

Coggia’s, 1874... 

July 8,1874 

0*6767 

1884, p. 282 

Comet 1,1874 ... 

Aug. 27,1874 

0*9826 

1882, p. 221 

Comet 1,1877.. . 
Winneokc, 1877.. 

Jan. 19,1877 

0*8074 

• 1883, p. 222 

April 17,1877 
Ook 4,1879 

0*0499 

1883, p. 223 

Comet d, 1878... 

0*8896 

1883, p. 227 

Comet III, 1881.. 

Juiw 16,1881 

0*7346 

1884, p. 232 

Comet Welle.... 

„ 10,1882 

0*06076 

1884, p. 238 

1884, p. 262 

(It. Comet, lb82.. 

Sept. 17,1882 

0*007763 
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External Work . 

If external work ia done on a comet by meteorites in space, that 
is to Bay, if there are collisions with external bodies, the velocity of 
the comet mnst be considered in the first place, and the equal or 
unequul distribution of the mosseB which it encounters can be tested 
by the phenomena observed. 

The discussion of the recorded observations shows, indeed, that in 
addition to the constantly increasing action which takes place in a 
comet during its approach to perihelion passage, there are at times 
temporary increases in temperature. 

We know that meteorites are scattered through space, and here 
and there are gathered into swarms. It is only to be expected, there¬ 
fore, that at times a comet will meet with such swarms just as our 
own planet does, and in that case its temperature would be increased 
by the collisions which would occur. The increase of temperature 
would depend upon (1) the dimensions and density of the swarm; 
and (2) upon its velocity. The larger and denser the swarm the more 
collisions would be likely to occur, and the greater the velocity of the 
comet the greater the amount of kinetic energy available for transfor¬ 
mation into heat energy. 

If the density of the meteoritie plenum increases towards the sun, 
the external work done will increase with it. 

Collisions between Cometary and other Swarms . 

We have then not only to consider the increased activity in a comet 
due to its approach to perihelion, but we have also to take into 
account the possibility of its passing through other swarms of 
meteorites during its revolution. That such collisions do take place 
there cau be little doubt. Sawerthal’s Comet, 1888, which increased 
iu brightness by three magnitudes in two days, is a case in point.* 
Unfortunately, no spectroscopic observations were made, or no donbt 
the effects of the increased temperature upon the spectrum would 
have been apparent. 

The spectroscopic observations of Comet Wells seem to show that 
this comet also passed through at least one swarm during its revolu- 
tion. An observation at Greenwich, on May 20th, recorded dark 
absorption lines, which I have shown to be especial to high tempera¬ 
tures in comets. Between that date and perihelion passage (June 
10th) there were evidences of a lower temperature, as I show in 
another part of the paper. I am not aware of any observations 
recording an increase in brilliancy of the comet on May 20th, but if 
they do exist, they will obviously strengthen this view. 

Perhaps the ease of greatest importance, however, is the Great 

* * Nature/ vol. 38, p. 258. 
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Comet of 1882. At perihelion, thig comet was only 300,000 miles 
Ft nm the photosphere of the sun, and it was practically as bright as 
the sun itself. Mr. Finlay, at the Cape, followed the comet until it 
apparently rushed into the sun. That a comet should ho able to pass 
within so short a distance of the sun without suffering entire dis¬ 
ruption has been used as an argument against the existence of an 
extended solar corona. My own view of the case, however, is that 
the evidence afforded by this comet of the existence of a metooritio 
solar atmosphere is most conclusive. 

That it would be impossible for a comet to pass through a gaseous 
atmosphere is proved by our terrestrial experience with falling st trs, 
but if the regions far above the sun’s photosphere are constituted as 
I have suggested,* we should expect a transcendental clashing effect, 
bat no change in the orbits of tho meteorites which were not 
engaged. 

I would submit, therefore, that tho immediate cause of ‘ the 
enormous increase in brilliancy of the comet, which enabled it to bo 
obtained close to the sun’s disk, was undoubtedly the collisions which 
took placo between the meteorites constituting the comet, and those 
whioh occupy the enter cooler regions of the ann. Not only does 
this event demonstrate the existence of an outer solar atmosphere, 
therefore, but it also points to its meteoric nature, tho meteo¬ 
rites there being probably formed by the condensation of metallic 
and other vapours, exactly in the same way a* wo have snow and 
raindrops in our own atmosphere. Observations by Messrs. Finlay 
and Elkins before and after perihelion showed that the comet was 
not peroeptibly retarded by its adventure, which is qnito consistent 
with my view, collisions between individual meteorites would not 
retard the motion of the comet ns a whole. 

Another case of considerable interest is the Pons-Brooks Comet, 
1883—1884. At its last return this comet was first observed by 
Mr. Brooks on September 1, 18813; it passed perihelion on January 
25th, and was last seen on June 2nd, 1884. It was distinguished by 
its sudden fluctuations in brilliancy, which no doubt were caused by 
itB intersection with other swarms. On September 21st, it was 
observed by Mr. Chaudler, at Harvard,t as a faint nebulosity with a 
slight condensation. On the 22nd, it was represented by an apparent 
star of the eighth magnitude, according to the observations of 
Schiaparelli,$ the luminosity having been augmented eight times 
within a few hours. 

In a short lime, the comet again appeared as a nebulous disk. This 
sudden change has an exact parallel in “ new stars,” and the cause is 

• 1 Roy. Soo. Proo./ vol. 40, p. 357. 

f 'Aftr. Nschr.,* No. 2559. 

X 1 Astr. Ntohr.,’ No. 2559. 
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no doubt tbe same in both oases. The rapidity with which the 
comet cooled demonstrates that only small masses could be in 
question. This took place whilst the comet was no less thau 
200 million miles from the sun. 

On October 15th there war a similar occurrence in the same comet, 
and again, a more decided one on January 1st. In the latter case, in 
less than four hours,* the comet had become an apparent star, and 
again assumed the cometary form. 

In those cases, then, wo have evidence that the luminosity of the 
comets depends first upon its distance from the sun, and secondly upon 
distribution of other swarms along its path. 

It would appear that a further discussion from this point of view 
might afford us interesting information on several points. 

X. On somn Effbcts of Collisions in Comkts. 

If we assume that the increased brightness of comets as the sun is 
approached depends to any extent on collisions with meteorites 
external to tho swarm, wo must conclude that such meteorites exist 
nearer together nearer the sun. The idea seems strengthened by tho 
great and irregular variations of intensity sometimes observed, as we 
know that the meteorites which tho comet is liable to meet are 
not equally distributed. Such a variation was noticed in Sawerthal’s 
Comet in 1888, as I have already stated. 

Such variations, however, would be more likely to be observed in 
tbe tails in consequence of the enormous dimensions of some of them. 
Such variations have been observed from the time of Kepler. 

The fact that these variations so strongly resemble at times auroral 
displays is an additional argument in favour of the meteoric origin of 
the latter. 

Another result of a different order produced by a comet moving 
through a meteoric plenum would bo the gradual shortening of a 
comet’s periodic time as the result of collisions, and this shortening 
should not be absolutely regular, as in a homogeneous gas, for the 
reason that the meteorites are not equally distributed. 

That there is such a shortening was proved by Enoke for the comet 
which bears his name, and that there are irregularities the following 
table will show, though how far they might have been due to pertur* 
bations has not, I believe, been so far studied:— 


p 2 


• Dr. Milller, 1 Aitr. Kaohr,,* Wo. 2568. 
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Returns of Encke's Comet, showing Reduced Period of Revolution. 


1 

Observed period 
of revolution. 

Difference. 

From 1786 to 1795, three time* . 

„ 1796 „ 1806 . 

days. hr». mins. 
1212 15 7 

1212 12 0 

hrs. mine. 

3 7 

11 81 

„ 1805 „ 1819, four „ . 

„ 1819 „ 1822. 

„ 1822 „ 1826. 

„ 1825 „ 182^ . 

„ 1829 „ 1832. 

„ 1832 „ 1835 . 

1212 0 29 

1211 15 50 

1211 13 12 

1211 10 34 

1211 7 41 

]2U 6 17 

4 39 

2 38 

2 38 

2 53 

2 24 

2 39 

3 7 

2 24 

2 38 

1 27 

5 45 

21 36 

„ 1835 „ 1838 . 

„ 1838 „ 1842. 

,, 1M2 „ 1815. 

1846 „ 1818. 

„ 18 W „ 1852. 

„ 1862 „ 1865. 

„ 1855 „ 1858 . 

1211 2 38 

1210 23 31 

1210 21 7 

1210 18 29 

1210 17 2 

1210 11 17 

1210 13 41 


There is still another point. If the luminosity were due entirely 
to internal collisions brought about by the increase of solar action, 
then large comets, or those best visible, should begin to be brilliant 
long before smaller or more distant ones. But this does not seem to 
bo so. Mr. Hind has pointed out that proximity to the earth is not 
so important a condition for visibility of a comet in the daytime as 
close approach to the sun # ; and M. Fnye is the authority for the 
statement that no comet has been seen boyond the orbit of 
Jupiter.f “ It is assuredly not on account of their smallness 
that tboy thus escupe our notice in regions whore the most distant 
planets, Saturn, Uranus, and Neptune, shine so clearly with the 
light which they borrow from the sun ; this is because the rare and 
nebulous matter of comets reflects much less light than the Bolid and 
compaot surfaces of the planets of which we speak, much less even 
than the smallest cloud of our atmosphere.” 

On the latter part of this quotation it may be remarked that it is 
not necessary to assume that comets at a great distance from 
the sun, any more than nebula), are visible by means of reflected 
light. 

Olbers, Faye, and others have attributed the production of comets' 
tails to solar repulsion. Away from the sun, os we have seen, comets 
are tailless. 

The tail of a comet usually grows with its approach to the sun. 
This is not merely an apparent increase due to diminished distance, 

• 1 Nature,* toI. 10, p. 286. 
t 1 Nature,* vol. 10, p. 228. , 
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but is a steady growth outwards. The tail of a comet is always 
directed away from the sun, so that it sweeps round in a semicircle 
as the comet passes through perihelion. The apparent repulsion of 
the tails suggested to Olbers in 1812 the idea that the materials com¬ 
posing them are subject to electrical repulsion proceeding from the 
sun, that they consist, in fact, of small electrified particles repelled by 
the similarly electrified sun. 

As a rule, tho tail increases very quickly and considerably in 
length after perihelion passage. Thus Borelly’B Comet of 1874 in- 
oreased from 4° to 43£° in length from July 3rd to July 19th in that 
year, or from 4 millions to 25 millions of miles in length.* This effect 
is precisely what we should expect if tho tail be fed by vapours due 
to collisions, for at perihelion the tidal action, and therefore the 
interior movements, will be greatest; besides which it is probable 
that collisions with meteorites external to the swarm will here be 
more frequent and more heat-producing on account of the highest 
velocity of the comet. 

M. Bredichin, of the Moscow Observatory, has shown that there are 
three distinot types of tails. In the first class, tho tails are long and 
straight, and tho repellent energy of tho sun upon the small particles 
is about twolvo times as great as the energy of his gravitational 
attraction. The particles therefore leave the nucleus with a high 
velocity, generally about 14,000 or 15,000 feet per second. The 
greater this velocity in relation to the rate of travel of the comet, the 
straighter of course will be the tail, because the particles forming it 
do not lag behind. In the second type, the energies of the attraction 
and repulsion balance each other, or nearly so, and the tails of this 
class are plumy and gently curved. Iu this case the particles which 
go to form the tail leave the head with a velocity of about 3000 feet 
per second. 

Tails of the third type are short and strongly bent, the repellent 
energy being only about one-fifth of the attractive energy of the sun, 
and the velocity of the particles leaving the head is only about 1000 
feet per second. 

Many comets exhibit tails of more than one type, and it was con* 
jectured long ago that such tails wore composed of different kinds of 
matter. 

Bredichin went further, and defined the composition of the different 
kinds of tails which he had classified, by referring to the weights of 
the materials which would give the relative values of the repulsive 
and attractive forces necessary for tails of the different types. He 
thus found that the long straight tails of the first type would be 
probably formed by hydrogen, since this substance, on account of its 
exceeding lightness, would be little influenced by gravity, while at 
• Hind, * Nature/ wol. 10, p. 262. 
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the Bame time strongly influenced by the electrical repulsion. 
The second type of tails ho considered to be mode of hydro¬ 
carbons, since hydrocarbons have a specific weight such that the 
repellent and attractive forces of the snn upon their particles may be 
nearly equal. Iron, on the other hand, would be more subject to the 
action of gravity, on account of its greater weight, and was therefore 
taken as adapted to tails of tho third type. 

The observations oil meteorites recorded in the Bakerian Lecture, 
and the discussion of cometary observation contained in this Appendix, 
show that the vapours which are given out by the meteorites as the 
sun is approached, are in an approximate order:— 

Slight hydrogen. 

Slight carbon compounds. 

Mugnesium. 

Sodium. 

Manganese. 

Lead. 

Iron. 

Now of those the hydrogen and carbon compounds are alone per¬ 
manent gases, and the idea is that they have been occluded as such 
by the meteorites. They arc given out as the temperature of the 
meteorite again increases. 

Tails extending 10,000,000 miles through the cold of space, cannot, 
ns Brodichin supposes, 1 suggest, be composed of iron vapour, bat 
they may well he, and doubtless are, of the hydrogen and various 
carbon compounds. 

The magnesium and iron vaponrg will condense soon after their 
repulse from the meteorite, tho volatilisation of which produced them, 
and here, as Reichcnbach with marvellous prescienco suggested in 
pre-speotrosoopic times, we have the chondroi of the exact chemical 
nature which he postulated. 

There is nothing extravagant in these suppositions, for wo now 
know that all the substances in question do exist in comets, and 
it is evident that muoh is to be learnt from a continuation of the 
inquiry. 

We know that the short-period comets get leas brilliant with every 
approach to perihelion, and that some do not even throw out a tail, 
and we con easily ascribe both these results to the fact that after 
several such appalses the vapours liable to be driven out of the 
meteorites by temperature get less and less. 

If this be bo, we may regard the comet with many tails as one 
which for the first time undergoes perihelion conditions. We are in 
presence of the " unperihelioned matter” glimpsed by Sir William 
Hersohel. 
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Further, it is important to associate the spectra of the envelopes 
and nucleus with the multiplicity of tails. 

Let us suppose a comet's tail thus chemically constituted; the 
molecules will be moving rapidly under the influence of the solar 
repulsion away from the meteorites which produce them, through a 
mateoritic plenum . Hence wo should expect auroral phenomena. 
Those have boon recordod in comets’ tails since the time of Kepler, 
in the tail we have gases moving through meteoritic dust, in the 
aurora, as 1 shall show in the next part of this memoir, we have m ail 
probability meteoritic dust moving through gases. 

What then becomes of the tails ¥ 

Being thus formed at the expense of the materials composing tho 
head, the materials removed from the head cau never be returned to 
it because of its insufficient gravitational power over them, and more* 
over they can no longer traverse tho same orbits as the meteorites 
from which they sprung, because they have already been turned out 
of that course by the forces attending the development of tho tail. 
The gaseous bodies thus become distributed throughout the space 
occupied by our system, and give no farther trace of their existence 
until, after subsequent occlusion which causes their disappearance, 
they are again mode evident by future collisions. The existence of 
"unperihelionod matter" then indicates that the regions of space 
nearor the sun are not so full of these tree gaseous products os those 
further away. 

Comets must thus degenerate, so far at all events as their easily 
volatilised constituents are concerned, with each porikelion passage, 
but as the majority of them only approach the sun at long intervals 
of time they do not suffer much in this way. Some of the short- 
period comets got less and less brilliant at each successive perihelion 
passage, and others are then observed entirely without tails, all the 
available toil-forming material having been UBed up and dispersed 
into the regions of spaoe farther away from the sun, while at aphelion 
a fresh supply has been lacking. 

It has been conjectured by Weiss and Schiaparelli that the con¬ 
densed metallic materials of the tails, which are projected with the 
tails in the cases of the comets whoso perihelia lie within the earth's 
orbit, may give rise to the appearance of meteors. 

This may also happen in the case of condensable materials shot in 
the first instance towards the suu, so that we may imagine the original 
train of meteorites to gradually widen out in the plane of the orbit 
inside and outside of the orbit of the main swarm.* 

It has been suggested that the luminosity of comets is possibly, 
partly electrical, and in support of this view Hasselberg showed that 
the changes in Wells's Comet were closely related to changes which 
• Herschel, ‘ Monthly Notices/ vol, 96, p. 898. 
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took plaoe in an electrically illuminated vacuum tube, containing 
hydrocarbon and sodium. 

Before referring to this, however, I may mention an early experi¬ 
ment of my own in connexion with this point. 

1 described this experiment in the ‘ Manchester Science Lectures/ 
1877 (p. 130), but it was made some years before. 

A mixture of meteorites taken at random was placed in a tube 
attached to another tnbe with arrangements for passing electric 
sparks, and this again was connected with a Sprengel pump. After 
exhaustion, on passing the ourrent under conditions which are 
generally supposed to give a spark of low temperature, the spectrum 
was seen to bo that which Huggins, Donati, and others had observed 
in the spectrum of the head of a comet. The gases oooluded in 
meteorites were thus shown to be exactly vvliat we get in the head of 
a comet. 

A Leyden jar was then included in the circuit, and the spectrum 
of carbon was seen to have been replaced by that of hydrogen, from 
the decomposition of hydrocarbons. Under low temperature condi¬ 
tions, then, the spectrum was that of carbon, while under high tem¬ 
perature conditions the spectrum was that of hydrogen. I also stated 
that in my laboratory work I had come across other curious cases in 
which compound vapours when dissociated only gave us one spectrum 
at a time, meaning that in a vapour consisting of two well-known 
substances, under one condition we only get the spectrum of one 
substance, and under another condition we get the spectrum of the 
other substance alone, so in others again of both combined. 

1 had noticed this change very particularly during the researches 
of Professor Frankl&nd and myself, in 1669, on the spectrum of 
hydrogen. In this case the two substances to be considered were 
hydrogen and the mercury vapour from the mercurial air-pump which 
was employed in the experiments. 

In the subliming experiments I also found that a carbonaceous 
meteorite in vacuo gives off hydrocarbon vapour at the ordinary tem¬ 
perature, as a weak electric discharge gives us the longest line in the 
band Bpeotrum of carbon without heating. On heating, the other 
lines come in till the well-known bands are formed with more or less 
completeness. If the discharge be a little less weak, the hydrogen F 
line also appears, and sometimes C, and the F is brighter than the 
carbon line. A nan-carbonaceous meteorite, like the carbonaceous 
one, also gives traces of continuous spectrum in the orange, yellow, 
and green, with a weaker electric discharge. 

After describing the changes which took plaoe in Comet Wells, 
which I have already referred to, Hasselberg writes;— 

“ The above observations form an interesting addition to our know¬ 
ledge of the physical peculiarities pf the comet, aud give a new and 



218 


1889.] of the varioui Species of Heavenly Bodies. 

indubitable proof of the inherent luminosity of this body, and also of 
a greater complication of chemical constitution than former observa¬ 
tions had implied. It seems to be a particularly noteworthy fact 
that the usual cometary spectrum observed first by Tacchini and 
Vogel from May 22nd to 31st disappeared, while in its stead the 
bright line spectrum was developed. As this occurrence coincides 
with the approach of the comet to perihelion, tho causo of it may be 
sought in the rapidly increasing heat of the comet, as thereby on the 
one hand the sodium present in it was turned into vapour, and on the 
other hand the electric processes within its mass attained greater* 
vigonr. From a discussion of the earlier spectroscopic observations 
of the comet, and from comparative laboratory experiments of the 
Bpectral relations of hydrocarbon, it seems to me very probable that 
the development of light within this comet chiefly depended on disrup¬ 
tive electric discharges/ 1 * 

Hosselberg further refers to the experiments of E. Wiedemann on 
the Bpectra observed during the passage of an electric current through 
mixed gases and vapours. 

Wiedemann found that when electric sparks were passed through a 
heated tube containing sodium anil a gas like hydrogen or nitrogen, 
the spectrum consisted solely of lines of sodium. Hasselberg also 
repeated this experiment, substituting hydrocarbon for hydrogen or 
nitrogon, and found that the same thing happened. Ho concludes, 
therefore, that this demonstrates the electrical origin of the light of 
comets, since the additional heat due to the approach of the comot to 
perihelion might certainly bring ont the sodiam, but could not have 
caused tho hydrocarbon spectrum to disappear. 

I would Buggoat, however, that the changes which took place in 
Comet Wells can be oqually well explained on the supposition that 
heat alone was in question. Tho main point to be explained is the 
disappearance of the carbon fluting spectrum aud the appearance of 
sodium as the comet approached perihelion. With the first increase 
in temperature, as the comet left aphelion, the occluded compounds 
of carbon would be driven out of the meteorites constituting the 
bead of the comet, and the spectrum would consequently be that 
of carbon. At the increased temperature due to further approach 
to the sun, the carbon Actings would be masked by the increased 
brightness of the continuous spectrum and by the radiation of other 
vapours. At the same time a still larger number of meteorites 
would become incandescent, and vapours of sodium, and possibly also 
of iron, would distil out. Also since the stones would reran in in this 
condition for a considerable time, sodium vapour would continue to be 
visible until they had almost ceased to be inoandesoent. 

I may here state that sodium exists only in very small quantities 

• * Aafcr. Nachr./ No. 8441. 
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in iron meteorites, but to a far greater extent in stony ones. A 
photograph of the aro spectrum of the Obernkirchen meteorite 
shows barely a trace of D, but the spectrum of a mixture of iron and 
stones shows it fairly bright. 

XL Conclusions. 

I must again refer to the vast difference in tlio way in which the 
phenomena of distant and near meteoric groups are necessarily 
presented to us; and, further, we must boar in mind that in the case 
of comets, however it mfty arise, there is an action which drives the 
vapours producod by impacts outward from the swarm in a direction 
opposite to that of the sun. 

It must be a very small comet which, when examinod spectro¬ 
scopically in the usual rummer, does not in consequence of the size 
of the image on the slit enable us to differentiate between the spectra 
of the nucleus and envelopes. The spectrum of the latter is usually 
bo obvious, and .the importance of observing it so great, that the 
details of the continuous spectrum of the nucleus, however bright it 
may be, are almost overlooked. 

A moment's consideration, however, will show that if the same 
comet were so far away that its wholo image would bo reduced to a 
point on the Hlit-plate of the instrument, the differentiation of the 
Bpeotra would be lost; we should have an integrated spectrum in 
which the brightest edges of the carbon bands, or some of them, 
would or would not bo seen superposed on a continuous spectrum. 

The conditions of observation of comets and stars being so different, 
any comparison is really very difficult; bub tbe best way of proceeding 
is to begin with the spectrum of comets, in which, in most cases, for 
the reason given, the phenomena are much more easily and accurately 
recorded. But even in the nucleus of a comet as in a star it is much 
more easy to be certain of the existence of bright lines than 60 record 
their exact positions,* and as a matter of fact bright lines, as we 
have seen, including in all probability hydrogen, have been recorded, 
notably in Comet W ells and in the Great Comet of 1882. 

Allowing for these differences in the conditions of observations, 
the discussion shows that the changes in the spectrum of a meteor- 
swarm in the solar system aro closely related to those which take 
place in a swarm outside the solar system. 

In both cases, when the number of collisions is just sufficient to 
render the swarms visible, the spectra are identical, consisting simply 
of the radiation of the fluting of magnesium at 600. 

* “ Observation* of Comet III, 1881, June 25.—Tbe spectrum of tbe nucleus it 
continuous * that of tbe coins shows the usual bands. With a narrow slit there are 
indications or many lines just beyond the verge of distinct visibility/’—Copeland, 

1 Copernicus,' vol. 2, p. 226. 
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In each case, an increase in temperature is accompanied by the 
addition of continuous spectrum. 

Further condensation of the nebulous swarm results in an apparent 
star with a spectrum consisting of bright flutings and lines in 
addition to continuous spectrum, and this condition, we have seen, 
also has a parallel in oometary spectra. 

Still further condensation of the nebulous swarm results in a body 
of Group II, giving the radiation of carbon and metallic fluting 
absorption. It has been seen that this is also reproduced in cometary 
spectra. 

The next stage in the history of a nebulous swarm is the forma¬ 
tion of a body of Group III, in which tho carbon radiation has 
disappeared, and the metallic fluting- has given way to line-absorption. 
This, we have seen, was exactly reproduced in the Great Comet of 
1882, and in Comet 6, 1881, to which reference has just boon made 
In the former case, both radiation and absorption lines were recorded, 
this being due to tho rcpelleut action of the sun, as already explained. 

The general sequence of phenomena, both in nebulous swarms and 
comets, may be stated as follows :— 

Magnesium (500) radiation. 

Carbon and manganese fluting radiation. 

Manganese and load fluting absorption. 

Lino radiation and Absorption. 

It is now universally agreed that comets are swarms of meteorites, 
and hence this connexion between comets and bodies of Groups 1, 
II, and III strengthens the general view, which would have been 
worthless had the cometary spectra been otherwise. VVc have, there¬ 
fore, well-marked species of swarms revolving round the sun exhi¬ 
biting just the SAme series of phenomena as marked species of non¬ 
revolving ones in space. 

Schiaparelli’s view, therefore, that comets comist of materials 
similar in nature to that of which the nebula are composed drawn 
into tho solar system by solar attraction, is now abundantly demon¬ 
strated by the spectroscopic snrvoy of nobulm, stars, and comets 
detailed in my previous papers and in the pi*c9ent one. 

[Note. December 4sth .—Since the above was written, my assistants 
have made some observations of the nebula in Andromeda, which 
were suggested by the foregoiug discussion. We have seen that 
some planetary nebula give the same spectrum as a comet at 
aphelion. It appeared that if the nebula of Andromeda were further 
advanced than a planetary nebula in condensation, it should give a 
spectrum approximating to one of the more advanced oometary stages 
which have been already discussed. 
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The spectrum of this nebula has hitherto been regarded as a per¬ 
fectly continuous one, but the observations referred to show that 
there are some parts brighter than others. The spectrum is almost 
entirely wanting in red And yellow light. In the green there are two 
maxima, the brightest of which is at wave-length 517, as near as 
could be determined with the wide slit which it was necessary to 
employ; the other maximum is near 546. One of the observers, 
Ur. Fowler, made six independent measures of the maxima on 
November 20th, and got very nearly the same result each time, com¬ 
parison being mado with the spectrum of a bunsen, and the spectrnm 
of chloride of lead at the temperature of the bunson. The measure¬ 
ments were repeated on November 27tli, with the same result, and 
on this occasion they were confirmed by another observer, Mr. Coppen, 
Another brightness near 474, as determined by comparison with the 
bunsen burner, was also suspected, but it was not so easy to measure 
as the others. 

My suggestion as to the origin of this spectrum is that it is the in¬ 
tegration of very slight continuous spectrum, carbon fluting radiation, 
and the absorption of manganese (558) and lead (546). The citron 
band of carbon masks and is masked by the manganese fluting, and 
the absorption fluting of lead causes by contrast the apparent bright¬ 
ness at 546. The brightest maximum is no doubt the brightest 
fluting of carbon at 517, and the one in the blue, which was sus¬ 
pected, is probably the blue carbon group 468—474. 

If these observations are confirmed this nebula in at present at the 
same stage of condensation as Comet I, 1868, on April 29th (p.p. 
April 20th), which must be regarded as a pretty advanced cometary 
stage, seeing that it was observed so near peiiholion and that the peri¬ 
helion distance was small. 

The discussion of the observations of Nova Andromedro, which is 
not yet completed, shows that there were bright lines in exactly 
the same positions as the brightnesses which have now been de¬ 
termined in the nucleus of the nebula. The appearance of the Nova 
was therefore probably due to increased temperature due to collisions 
taking place between the sparser outliers of the swarm composing 
the nebula and the external swarm which came in contact with them. 
The view of the Nova’s probable connexion with the nebula iB there¬ 
fore greatly strengthened by this inquiry.] 

[Vote added January 8,1889.—If it be conceded that the tails of 
comets are in part composed of hydrogen and gaseous compounds of 
carbon, an explanation seems to be afforded of many recorded pheno¬ 
mena, among which may be mentioned— 

I. The absence of carbon and oxygen from the sun; 
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II. The presence of hydrogen in the atmosphere of the hottest 
■tars; 

III. The presence of carbon in stars on cooling; 

IV. The decreasing densities of planets and satellites outwards. 

I hope shortly to be able to communicate the result of some experi¬ 
mental work, which is now going on, which may throw light upon 
this subject.] 

[Note added January 14, 1889.—Since the above was writ.ton, I 
have come across some observations of Comet C, 1880, made by 
Mr. Sherman* on May 26th and 28th and June 4th. The perihelion 
passage of the comet occurred on June 6th, so that all the observa¬ 
tions were made near perihelion, when the comet was pretty hot. 
Unfortunately, the individual observations are not recorded, and we 
are therefore unable to trace the sequence of Bpectra. Seven loci of 
light were observed, and four more were strongly sus[>eeted. The 
wave-lengths given are 618*4, 000*6, .567*6, 5537, 545*4 (suspected), 
535 0 (suspected), 517*1, 468*3, 433 3}, 412 9 (suspected), and 378*6 
(suspected). 

My suggestion as to the origin of this spectrum is that it was the 
integration of hot carbon and hydrocarbon (431) radiation, cool 
carbon absorption, manganese absorption, and lead absorption; i.e., it 
was similar to CoggiVs Comet on June 13th (see p. 176), with the 
addition of lead (546). The maximum at 618 4 was iu all probability 
the iron fluting, and that at 567*6 was probably the second fluting of 
lead (568). This leavos the loci at 600*6, 535*0, 412*9, and 378*6 
unoxplained, the latter throe being only suspocted.] 


II. “ ON SOME EFFECTS PllODUCEl) BY THE FALL OF 
METEORITES ON THE EARTH.” 

Part I.— Falling Dust. 

In my paper of November 17, 1887, I stated that Professor Newton 
and others have calculated that not less than twenty millions of 
meteorites, each large enough to present ns with the phenomenon of 
a shooting star visible to the naked eye, enter our atmosphere daily. 
If this be conceded, the upper parts of our atmosphere must be con¬ 
stantly charged with meteoric dust, whether oxidised or not, in a 
state of suspension, while it is possible that the earth encounters 
particles finer than those which produce the phenomena of falling 
atars. 

The only means open to us of determining the presence or absence 
• * Amcr. Journ. vol. 32. 
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of this dust in the higher regions of the air is by spectroscopic obser¬ 
vations of the atmosphere containing it when it is rendered luminous 
by electrical discharges. It becomes necessary, therefore, to make a 
thorough investigation of the spoctram of the aurora borealis from 
the point of view that meteoric dust, if it exists, is likely to assort 
itself in any electrical excitation of the atmosphere. 

It is now many years since the idea was first thrown out that the 
aurora was in some way connected with shooting stars. The connexion 
was first suggested by Olmsted in 18.‘3t3.* 

M. Zenger, in a catalogue of aurora observed from 1800 to 1877, 
showed an apparent connexion between the brightest displays and the 
appearance of largo numbers of shooting stars, and M. Denza noted 
the same connexion on November 27, 1872, and remarked that he 
had noticed it before. 

In spite of these ideas, however, even after the chemical nature of 
shooting stars was known, observers have in tho main coutented 
themselves with making comparisons of the aurora spectrum with 
the spectrum of air under different conditions of temperature and 
pressure. 

It has never been possible, however, to reconcile tho aurora 
spectrum with any known spoctram of air. Some observers are of 
opinion that the lines seen in the aurora coincide with air-lines, but 
have different intensities, and they attempt to overcome this difficulty 
by assuming that the aurora spectrum is produced under conditions 
which we are unablo to imitate in our laboratories. 

When we recognise the importance of considering the possible 
existence of meteoric dust in the atmosphere, a comparison with the 
spectra of uneondensed meteor-swarms is at once suggested, for the 
more my researches advance the more does dust rather than large 
meteoritic masses appear to be in question. 

The result of a preliminary comparison with ^-Cassiopeia) and with 
the bands in Dundr’s stars was communicated to tho Royal Society on 
Jannary 9, 1888. Tho tables which I theu gave show that there is 
probably a very intimate relation between the spectrum of the 
aurora and those of meteor-swarms. 

The further inquiry into the recorded observations to which I have 
subsequently to refer, seems entirely to justify the suggestion then 
put forward, and I now propose to show what progress has been 
made in attacking what has always been regarded as a difficult 
subject. I will first, however, briefly refer to the observations and 
comparisons which have been previously made, and discuss them in 
chronological order. 

It is necessary to state that the existing observations of aurora 
spectra show such great differences of wave-length for what are 
* * Axner. Joum. Soi.,* rola 35 sod 36. 
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probably tbo same lines, that it in somewhat difficult to assign 
origins for the lines. These discrepancies occur not only in the 
measures made by different observers, but in those made at different 
periods by the same observer. Further, the individual observations 
are seldom recorded, but in place of them are given the means of 
several observations, and in some cases the means have been obtained 
by throwing together lines which are very far apart. At best, there¬ 
fore, it is only possible to suggest the most probabio origins of the 
lines and bands seen. 

Tho object of the present paper is therefore mainly to direct further 
inquiries. 


I. Early Observations. 

Angstrom's First Observations. 

The spectroscope was employed in investigating the nature of the 
aurora spectrum by Angstrom in 1867. # He found that the light was 
almost perfectly monochromatic, the spectrum consisting mainly of a 
yellow-green lino at a wave-length given by him os 5567. With a 
wide slit other faint bands wore visible. 

The note is so short that I give it in full; translated it reads 
thus :— 

u From the time of Franklin's memorable observations on elec¬ 
tricity up to the present thero has been a perfect agreement 
between the actions of this natural force and those of frictional elec¬ 
tricity, that it was easy to foresee that the spectrum of lightning 
must be the same as that produced by the ordinary electric discharge 
in air. The observations made by M. Kundt have perfectly proved 
this. The two phenomena of tho aurora borealis and of terrestrial 
magnetism being so closely connected with each other, that the 
appearance of the aurora is always accompanied by disturbances of 
the mngnotic needle, it might be supposed that the aurora borealis 
was only an electric flash, which is however not tho case. During the 
winter of 1867-681 was able several times to observe the spectnun of 
the luminous arc which borders the dark segment, and is always 
present in faint aurora. Its light was almost monochromatic, and 
consisted of one bright line, on tho left of a group of calcium lines. 
I determined the wave-length of the line which was equal to \ = 
5567. Beyond this line the intensity of whioh is relatively great, 
I observed also, by increasing the width of the slit, traces of three 
very faint bands which extended almost to F. On one occasion only, 
where the luminous arc was agitated by undulations which changed 
its form, I saw the regions in question lighted momentarily by some 
faint spectral lines; but considering the lack of intensity of the 
• ‘ Spectre Normal du Soled,’ 1868, p. 41. 
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rays, it may still be said that the light of the huninona are is sensibly 
monochromatic. 

“Hero is a circumstance which gives this observation on the 
spectrum of the aurora borealis a greater and even cosmic importance. 
During a week of the month of March, 1867,1 succeeded in observing 
the same spectral line in the zodiacal light which had then an extra- 
ordinary intensity for the latitude of Upsala. At last, during a 
starlight night, the whole heavens being in a manner phosphorescent, 
I found traces of it even in tho faint light omitted from all parts of 
the firmament. A very remarkable fact is that the lino in question 
coincides with none of tho known lines in the spectra of simple or 
compound gases, at least bo far as I have studied them at present. 
It follows from what I have said that an intense aurora borealis, such 
as may be observed above the polar circle, will probably give a more 
complicated spectrum than that which I saw. Supposing that to be 
the fact, it may bo hoped that in the future it will be possible to 
explain more easily the origin of the lines found and tho nature of 
the phenomenon itself. Not being able to give this explanation at 
present, 1 propose to return to it another time.'* 

Zollner's View . 

In the * Report to the Royal Saxon Academy of Sciences,* October, 
1871, Zollner expressed the opinion that the temperature of the 
incandescent gas of tho aurora must be very low. He affirmt* that 
the S|>ectrum does not correspond with that of any known substance, 
and suggests, therefore, that it may be one given by air under some 
peculiar condition which, cannot be experimentally reproduced. (A 
translation of Zollner’s paper is given in the 1 Philosophical Maga¬ 
zine/ vol. 41,1871, p. 122.) 


Vogel's Views. 

Vogel also makes the same affirmation, and comes to the same 
conclusion as Zollner, namely, that the spectrum of the aurora is one 
which cannot bo artificially produced. He suggests that it may be 
the integrated spectrum of several layers which exist under different 
conditions (‘ Reports of the Royal Saxon Academy of Sciences/ 
1871).* Ho points out that the characteristic line in the aurora 
spectrum observed by Augstrfim is coincident with a very faint line 
of nitrogen. That this line should appear in tho aurora spectrum 
with enhanced intensity he regards as quite consistent with the 
known variability of gas spectra under various conditions of tem¬ 
perature and pressure. He also points out the possible coincidence 
of one of the lines with a line in'the negative-pole spectrum of 

* A translation of Vogel's paper is given by Capron (' Aurora/ p. 194). 
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nitrogen at wave-length 5224, of another with an oxygen lino at 5189, 
and of another with the strong nitrogen line 5004. The red line in 
the spectrum he regards as having the same origin as the group of 
lines in the spectrum of nitrogen which extends from 6218 to 6620, 
and brightens towards the violet end, the change in appearance being 
due to the faintness of the aurora. This, however, is not likely to be 
the case, as the rod line has been seen both bright and sharp (R. H. 
Proctor, “ Aurora,” ‘Encycl. Brit.,' 9th edit.). 

In the same paper, Vogel shows the close coincidences between the 
aurora lines and lines in the spectrum of iron, but considers it more 
in accordance with probability to regard the aurora spectrum as a 
modification of the spectrum of atmospheric air. 

Angstrom' s further Observations and Conclusions. 

In a later paper (* Nature/ vol. 10, p. 210), Angstrom arrives at 
conclusions which may bo thus briefly stated :— 

(1.) That the aurora has two different spoctra, one consisting of 
the characteristic lino, and the other consisting of the fainter lines. 

(2.) That the coincidences of the bright green line with a faint 
line in the spectrum of air, as determined by Dr. Vogel, is purely 
accidental, and also that there is no coincidence of any importance 
with any member of the hydrocarbon group in which it falls. 

(3.) That the bright line is probably duo to fluorescence or phos¬ 
phorescence. 

(4.) That Vogel's theory of unknown conditions of temperature 
and pressure being competent to produce the change from the ordi¬ 
nary experimental spectrum of air to that given by the anrora, is 
inadmissible. (Angstrom regarded the spectrum of a gas as invari¬ 
able.) 

(5.) That moisture may bo neglected in considering the nature of 
the aurora spectrum. 

He describes an experiment on a glow equivalent to the glow of the 
negative pole of an air vacuum-tube, in which the spectrnm obtained 
showed close coincidences with three faint lines in the aurora spectrum. 
A layer of phosphoric anhydride is spread over the bottom of a flask 
fitted with platinum wires; after exhaustion with an air-pump, the 
current from an induction coil is passed between the two platinums. 
The flask then becomes filled with a violet light like that which, 
under ordinary conditions, only appears at the negative pole. The 
spectrum of this light shows the following close coincidences with 
that of the aurora:— 


a 
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Although this coincidence is rather striking, it must be remembered 
that there are other strong bands in the spectrum of the negative 
pole which do not appear in aurora spectra. As mapped by 
Hasselberg, the spectrum of the negative pole consists of a Beries of 
bright flutings shading off towards the violet, the brightest edges of 
them being at wave-lengths 419*8, 423*6, 427*8, 451*5, 455*4, 459*9, 
465*1, 470*8, these are all of equal intensities.* (See fig. 16.) 

Capron remarks that (l if the violet-pole glow spectrum is to repre¬ 
sent the aurora spectrum, it must be under conditions different from 
those by which it obtains in dry-air vaonum-tubes or flasks at 
ordinary temperatures 99 (* Aurorae/ p. 120). 

There can, therefore, be little doubt that the aurora spectrum has- 
nothing in common with the negative-pole spectrum of nitrogen, and 
that the three close coincidences noted by Angstrom are merely 
accidental. 

With regard to Angstrom's objection to Vogel's theory that to view 
the aurora spectrum as a Bpectrum of air under unknown conditions is 
inadmissible, we now know that gas spectra are not so invariable as 
Angstrom supposed; but still we have no right to assume that any 
particular change is possible until we can prove it experimentally, or 
at the very least, prove an approach to such a change. If we assume 
that any change may take place in any spectrum, we upset the whole 
basis of spectrum analysis. 

Comparison of the Aurora Spectrum with tho Negative-pole Spectrum of 

Oxygen . 

The negative-pole spectrum of oxygen, as mapped by Schuster 
(‘Phil. Trans./ 1879, Part I) consists of four broad bands, the two* 
brightest having the following positions;— 


5292-5 } Brightest P" 4 . 5255 

5629*6 } Br * g ktest . 5586 


Under gnat dispersion, these bands break np into series of lines. 

* 1 Mt moire. de PAcsdlmie Imperial® de. Science, de St. Pdtenbouig,’ Series 7. 
toI. 8S, No. 15. 
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The proximity of the brightest part of one band (5386) to the anrora 
line is notable, but considering that the aurora line is always sharp, 
Schuster concludes that there is no connexion between the spectrum 
of the anrora and that of the negative-pole glow of oxygen (quoted 
by Capron, ‘Aurorae/ p. 130). 

Comparison with the Spectrum of Hydrogen. 

Similarly, all attempts to identify the spectrum of the aurora with 
that of hydrogen, another constituent of our atmosphere (in the form 
of water vapour), have failed. On this point Capron remarks:— 
14 No principal line, and one subsidiary line only,* actually coincido 
with the aurora spectrum, this last being that to which Dr. Vogel 
assigns au identical wave-length, vis., 5189 ” (‘Aurorae/ p. 109). 

That this coincidence is of no importance is obvions when it is 
remembered that there are a great number of suoh lines in the 
spectrum of hydrogen, and that no experiments have been recorded 
indicating that this lino is more persistent than the others. 

Comparison with the Spectrum t of Phosphoretted Hydrogen . 

Next in importance to comparisons of the anrora spectrum with 
air spectra is the comparison with the flame of phosphoretted 
hydrogen, in connexion with Angstrom’s suggestion that the 
characteristic green line may be due to phosphorescence or fluor¬ 
escence. The spectrum of phosphoretted hydrogen consists of 
several bands, the centres of the four brightest being at 526*3, 510*6, 
560*5 and 599*4 (Lecoq de Boisbaudran, 4 Spectres Lnmineux/ p. 189). 
These bands brighten when the flame is artificially cooled, especially 
the less refrangible ones. 

On this subject, Capron says: “Having regard to the near 
proximity of the phosphoretted hydrogen band to the bright anrora 
line, to the circumstance of this band brightening by reduction of 
temperature (a phenomenon probably connected with ozone), to the 
peculiar brightening of one line in the green in the “aurora" and 
“ phosphorescent" tabes (the phosphorescent tubes probably con¬ 
taining O), and to the observed circumstance that the electric 
discharge has a phosphorescent or fluorescent afterglow (isolated, 1 
believe, by Faraday), I feel there is strong evidenoe in favour of snoh 
an origin to the prinoipal anrora line, if not to the red line as well" 
(‘Aurora/ p. 126). 

Bnt the mere fact of one of the phosphoretted hydrogen bands, 
and that only the third in order of brightness, falling near the 
characteristic anrora line cannot be supposed to be anything more 

# the rabsidiaiy lines of hydrogen constitute what I described ss the struct tire* 
•ptttnfrn of hydrogen in my paper of November 17,1887. 

Q 2 
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Fig. 16.—Diagram showing that the Aurora Spectrum is not a spectrum of nitrogen or oxygen. 
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than accidental, Tinless the absence of tbe two brightest bands can be 
explained. As this cannot be done, the suggestion may be dis¬ 
regarded. 

The information given about the green line seen in the phosphor¬ 
escent tube by Capron is insufficient for any conclusions to be 
founded on it. 

Fig. 16 is a map showing that the aurora Bpectrum is not that of 
the negative or positive pole of nitrogen, or any spectrum of oxygen, 
although there are some apparent coincidences. The intensities of the 
lines and bands in the spectra are indicated by lengths, the longest 
being the brightest. The map shows that lines or flutings as bright 
as or brighter than those which have been supposed to coincide with 
lines in the aurora are absent from the aurora spectrum. The probable 
meteoritic origins, which I shall have to refer to in dotail later on, are 
shown at the bottom of the map. 

Qroneman's reference to the Meteoric Duet Theory . 

So far wo have had chiefly to deal with theories in which the 
aurora spectrum is regarded as being inseparable from that of 
atmospheric air, but wo have next to consider one which, if true, 
would give a totally different origin. 

In 1874, Groneman (*Astr. Nadir.,' No. 2010) resuscitated the 
theory of OlmBted that the aurora has its origin in the fall of incan* 
descent meteoric dust.* The iron particles are regarded as being 
competent to produce the maguctio phenomena which accompany 
aurora, and as being consistent with their geographical distribution. 
This theory, however, was not received very favourably, because it 
left the spectroscopic phenomena os far from a solution as ever. Thus, 
Capron remarks (* Aurora,’ p. 170) that “if aurora were composed 
of incandescent glowing meteors, it would be reasonable to expect to 
find in the spectrum the lines of iron, a metal constituting so 
prominently the composition of meteorites. No connexion between 
the iron and the aurora speotrum is, however, proved; though it may 
be suspected. The iron spectrum contains so many lines that some 
may, as a mere accidental circumstance, closely agree with the aurora 
lines.” Vogel also considers that we are not entitled to regard the 
dose coincidences of the aurora lines with some of the iron lines as 
complete evidence of iron vapour, until we have succeeded in showing 
by experiments that the relative intensities of the iron lines are 
subject to great changes; and in this way to account for the appear¬ 
ance of faint lines in the aurora spectrum, or, on the other hand, to 
account for the absence of the strongest lines. I shall show subse- 

* This theory was subsequently dismissed in sn appendix to the ' Memorie della 
Soobtfc degli Spetttosoopisti Italiani,* 1878. 
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quently what experiments have now conclusively proved the presence 
of iron. 

Mr, Capron*e Conclusions. 

In reviewing the above theory to explain the origin of aurora 
np to 1879, Mr. Band Capron makes the following statement: “ As 
the general result of spectrum work on the aurora up to the present 
time, we seem to have quite failed in finding any spectrum which, 
as to position, intensity, and general character of lines, well coincides 
with that of the aurora. Indeed, we may say we do not find any 
spectrum so nearly allied to portions even of the aurora spectrum as 
to lead us to conclude that we have discovered the true nature of one 
spectrum of the aurora (supposing it to comprise, as some consider, 
two or more). The whole subject may be characterised as still a 
scientific mystery/' (* Aurorae/ p. 171.) 

II. Lemstrdm 9 s Observations . 

The next contribution to our knowledge of aurora spectra of any 
importance is that of Lemstrom’s (‘ L’Aurore Boreale,' 1886). All 
previous observers who attempted to identify the spectrum of the 
aurora with that of atmospheric air failed to do so, but Lemstrom 
asserts (p. 158) that the twelve lines which have been recorded in 
aurora spectra are nearly all seen in the spectrum of a Geissler tube 
containing the same gases as those constituting our atmosphere. The 
differences in the relative intensities he believes to be due to condi¬ 
tions of temperature and pressure* Although the auroral line 
(wave-length 557) does not agree perfectly with tho line at 558 seen 
in the spectrum given by his appareil de Vaurore boreale (air vacuum- 
tubes illuminated by sparks from a Holtz machine), ho regards the 
atmospheric origin of the aurora spectrum as completely demon¬ 
strated. He states (p. 138) that the characteristic line of the aurora 
spectrum is always seen in the light produced by the discharge of an 
electric ourrent (by means of his appareil cCecoulernent) from the top 
of a mountain. He gives a table of auroral lines compared with the 
lines in the spectra of rarefied air, as observed by himself, and by 
Vogel and Sundell under other conditions. The air lines recorded by 
Vogel nearly all coinoide with lines recorded as oxygen lines fay 
Schuster (‘ Phil. Trans.,’ 1879); but it is important to note that 
some of the strongest lines mapped fay Schuster are absent from 
Vogel's list (see fig. 16). So that, even if we allow that some of the 
aurora lines fall near lineB of oxygen, the absence of the brightest 
oxygen lines from the spectrum is sufficient evidence for us to conclude 

* " fli Ton se demands pourquoi on no voit point dans l’fturore polaire touts* les 
raie* existent dans oes gas, V experience rjpond qua lee raie* des gas ohangent 
•elan la temperature et la preeeion de oes gas.” (*1/Aurora Bortale, 1 p, 160.) 
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safely that we are not dealing with the line spectrum of oxygen. 
We have previously seen that it is not the negative-pole spectrum of 
oxygen. 

In the same table (‘L’Aurora Borfole,’ p. 92), the anrora lines are 
-compared by Lemstrom with some of the lines or bands observed by 
himself in the spectrum of rarefied air. The air lines which he gives 
all agree in position with some of the nitrogen fiutings mapped by 
Hasselberg (* Memoires de Y Academic Imperial© de St. P&ersbourg,' 
Series 7 t vol. 32, No. 15). One of them is at wave-length 558, and this 
he believes to be coincident with the aurora line 557. The intensity of 
the line is not given, but Hasselberg gives it as a comparatively feeble 
fluting at 557 (see fig. 16). Considering the absence of the brightest 
nitrogen fiutings from the spectrum of the aurora, the supposed 
coincidences between some of Lemstrom's rarefied air lines and lines 
in the anrora speotrum, which are far from perfection, may be dis¬ 
regarded. 

The same objections apply to the lines in the rarefied air spectrum 
which have been recorded by Sundell; those which fall anywhere 
near lines in the aurora are comparatively faint fiutings or lines in 
the spectrum of nitrogen; at all events, fiutings of the same or 
greater intensities are absent, and there is no evidence to show that 
the coincident ones retain their brightness as the others fade. 

Lemstrttm then leaves the origin of the aurora speotrum as uncer¬ 
tain as ever. There is no evidence to show that it is a spectrum of 
air, or, indeed, of any other gas. If it be a speotrum of air, it is one 
which has never been obtained experimentally, and one which can 
only be put forward by making unphilosophioal assumptions and care¬ 
fully avoiding experiments. 

III. OyllenskioltTe Observations and Conclusions . 

Still later observations of the aurora which have been published 
are those made at Cape Thordsen by M. Carlheim-GylIenskioId. # Two 
lists of lines are given, one from observations made with a Hofmann 
spectroscope, and the other from observations made with a Wrede 
spectroscope. The lines in the first list extend from blue to red, and 
those in the second list from green to violet. The individual observa¬ 
tions of different aurora with the lines observed in each are given. 
-36 aurora are recorded in which only 1 line was visible, 15 in which 
there were only 2 lines, 6 with 3 lines, 15 with 4 lines, 5 with 6 lines, 
4 with 7 lines, 1 with 8, 1 with 9, and 1 with 10 lines, so that 
altogether, no less than 84 observations are recorded. 

The total number of lines seen were 32. Gyllenskidld’s main oonfc 
elusions are:— 

* 1 Observations fattos au Gap ThoroUen, Spitsberg, par I'Exp&tttion SuldoM*’ 
VoL % l.— 11 Aurora Borealis,”* par Oarlheim-GylleiiskiCld. 
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(I.) That 16 of the aurora lines nearly coincide with air lines, 
8 with the positive-pole spectrum of nitrogen, 4 with the negative-pole 
spectrum of nitrogen, and 3 with lines of hydrogen. 

(2.) That the aurora spectrum greatly resembles that of lightning, 
and regards it as consisting of several superposed spectra. The 
variablo character of the spectrum is accounted for by the absence 
sometimes of one, sometimes of another, of these elementary spectra. 

(3.) The brightness of the aurora, according to M. Gyllenskiold, 
does not depend upon the energy of the electrical discharge which 
produces it, but upon somo cause with which we are not acquainted. 

Note .—It is not out of place to suggest that the brightness of the 
aurora may depend upon tho varying quantities of meteoric dust in 
the atmosphere at different times. 

(4.) Two kinds of aurora are distinguished, viz, red ones and 
yellow ones. In the former, the positive-polo spectrum of nitrogen 
is predominant, while in tho latter tho negative-polo spectrum is pro¬ 
dominant. Laboratory experiments have shown that the positive- 
polo spectrum of nitrogen is given by dense moist air, while the nega¬ 
tive-polo spectrum is given by rarefied dry air; and Gyllenskiold 
suggests that yellow auroral are formod in tho higher parts of tho 
atmosphere, and the i*ed onos in tho lower layers. 

(5.) That the observations boar out Angstrom’s suggestion that 
some of the bands belong to tho negative-pole spectrum of nitrogen. 
He says :—“ Nos observations confirment done l'opinion d’Angstrom, 
quo les bandes faiblement lumineuses de l’anrore boreale appartionnent 
an spectre du p61e negatif; auxquolles les bandes et les lignes de 
l'azoto se joignent dans certains cas." He observos that the cha¬ 
racteristic line of tho aurora appears in company with the negative- 
polo spectrum, and says it is probable that some of tho more refran¬ 
gible bands of tho positive-pole spectrum also appear at the same 
time. Both tho positive and negative-pole spectra are very rich in 
violet and ultra-violet rays, and Gyllonskiold's observations support 
Angstrom's view, that the characteristic line is due to the fluorescence 
of oxygen produced by tho violet light of the negative pole. 

This fluorescence, however, cannot be reproduced in experiments 
with Geisslor tabes, and M. Gyllenskiold concludes that the origin of 
the characteristic line still remains unexplained, but be suggests that 
its origin may eventually be discovered by investigation of the 
fluorescent spectra of various chemical substances. 

The characteristic aurora line therefore remains unexplained by 
M. Gyllenskiold. As regards the remaining lines, ho states that 
sixteen nearly coincide with air linos, but it is important to note that 
these are not the sixteen strongest air lines. Some of the lines fall 
near to bands in the positive-pole spectrum of nitrogen, as Gyllenskiold 
points ont, but equally strong or stronger bands are not seen in the 
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aurora, bo that the coincidences are only accidental. The same applies 
to the bands in the negative-pole spectrum. 

Like Lemstrom, then, Gyllenskiold makes no advance as regards 
the origin of the spectrum of the aurora, but at the same time it is 
only fair to acknowledge the value of the observations. 

I have next to refer to my own observations aiul comparisons. 

IV. The Sequence of the Fluting8 and Lines seen in a large Tube at 
different Stages of Pressure. 

In order to demonstrate that the aurora spectrum does not coincide 
with the vacuum-tube spectrum of air, I have made a series of obser¬ 
vations of an ond-on air vacuum-tube, about 5 feet long and 2 inches 
in diameter. The tube was arranged as in fig. 17, ono end being 
connected with the Sprengel pump, and the other with a piece of 
glass tubo by means of mercury joints. Tho latter tube was con¬ 
nected with a hand air-pump to save timo in exhausting. After partial 
exhaustion the tubo was sealed off with a blowpipe, and tho exhaustion 
completed with tho Sprengel. The slit of tho spectroscope was 




Tin. 17.—Large end-on vacuum-tube, arranged for an observation of the Spectrum 
of air at varying pressures. 

placed close to the bulb at tho end of the tube (fig. 17). The diagram 
also shows a Geissler tube arranged for comparison. 
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16 .—Map showing the sequence of Spectra in a large aLr-vacaum tube as the pressure is reduced. 
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When the spark first passed only a few of the strongest nitrogen 
flntings in the violet were visible, but as the pressure was reduced, 
the spectrum gradually extended towards the red. A line of oxygen 
near 5316 was visible in the early stages, but it afterwards disappeared. 
At the most luminous stage, nothing but nitrogen flu tings were visible. 
After a time the nitrogen flutings dimmed, and low-temperature 
Eatings of carbon appeared. Then the F line of hydrogen appeared, 
and a little later the C line. Later still, the hydrogen line at G also 
appeared. With the further dimming of the nitrogen flutings, an 
oxygen line at 471 brightened, being sometimes as bright as the F line, 
and brighter than tho carbon flutings. The whole spectrum then 
became very faint, but as the line at 471 dimmed, another oxygen 
line at 465 appeared. Ultimately, tho glow was so faint that only a 
few of tho nitrogen flutings were visible. 

The sequence of the various flutings and lines is shown in fig. 18. 
Below tho various air spectra the principal lines of tho aurora 
spectrum are giveu for comparison. The spectra of nitrogen, carbon, 
aud hydrogen are given as a key to the spectra observod. It should 
also be stated that tho lino near 5316 is an oxygon line. 1 am now 
working at this line. It will be seen at a glance that thero is only 
one coincidence with one of the most persistent flutings, which are all 
that need be considered. Since equally porsistent flutings are not 
present in tho spectrum of the aurora, this coincidence is obviously 
of no importance. 

V. Comparison with Uncondensed Meteor*swarms. 

In my preliminary communication I indicated the remarkable 
coincidences between the lines in the spoctrum of the aurora and 
the bright lines in the spectrum of fy-Cassiopeico, and also with the 
absorption-bands in bodies of Group II. These bodies are unoon- 
densed swarms of meteorites at a comparatively low temperature, 
and hence the comparison suggests the probable meteoritic origin 
of the spectrum of the aurora. 

I have since extended the tables which I then gave, and excluding 
for the presont Gyllenskiold’s observations, they now stand as 
below:— 



Table of Wave-lengths of Auroral Lines. 
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* Coronal line. t This means brightest fluting. 

Origin not determined, but a line near this position is seen in the spectrum of the limerick meteorite. 
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The following table shows tho abovo figures in another form and 
includes tho bright lines recorded in 7 -Cassiopei« 3 :— 


Aurora 
(means) . 

DuniVs lwnds. 

Bright lines m 
7-Cas4iopeiee. 

Probable 

origin. 

Wave-length 
of probable 
origin. 

411 i 






426 

,. 


,. 

,. 

,, 

432 

,. 



ClI 

431 

• • 1 

,, 


162 *3 

Hr 

460-7 

474-478 

460—474 (10) 

,, 

0 (hot) 

474 

481 

477—485 

ts» 

.. 

0 (cool) 

488 

600 

495 -503 

(8) 

191) 

Mg 

500 

616 *5 

636—5211 

f*T\ 

510-7 

1 C (hot) 

516*6 

622 

.. j 


• • 1 

Mg 

520-1 

531 



531 

Coronal line 

635 ; 

,, 


,, 

T1 

535 

639 

* a 


542-2 

Mn 

540 

645 ; 

616—560 

(5) 

,, 

Ph (1) 

616 

55H ; 

559-564 

W 

555-7 

Mn (1) 

658 


585—595 

(3) 

686 

Mn (2) 

586 

006 1 

,, 


, , 

. , 


620 

016—630 

(2) 

, . 

Fg 

615 

630 



035 -fi 

# 

• * 


Tho chemical substances indicated by Duneris bands, and by the 
lines in 7 -Cassiopeia), are those constituents of metooritos which are 
volatilised at the lowest temperatures, namely, magnesium, man¬ 
ganese, and lead. Besides those there are compounds of carbon, 
which, when rendered incandescent, give the carbon flutings. 

In discussing the meteoric dust theory, as first enunciated by 
Olmsted during the display of 1833, spectroscopints lost sight of tho 
importance of considering the volatility of meteoric constituents, 
instead of quantities. Iron exists in great quantity in meteorites, 
and was naturally the first thing to be expected in the aurora spectmm, 
sap posing it to be a meteoritio phenomenon. But, os I pointed out 
in my paper to the Royal Society on November 17, 1887, experiments 
on the luminous phenomena seen at low temperatures show that if 
magnesium, manganese, and lead are present in meteorites, they will 
be indicated in the spectmm beforo the iron. 

The experiments have shown that a very small percentage of 
manganese is sufficient to render tho first fluting (558) visible. It 
is the first fluting seen when ordinary iron wire is volatilised in 

# This line is seen as a pretty bright line in Iho spectrum of the Limerick 
meteorite, but its origin lias not yet been determined, although comparisons hare 
been made with most of the common elements. So far, it has not been observed in 
any other meteorite. 
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the oxy-ooal-gas flame, and even with the purest electrolytic iron 
prepared by Jacobi and by Professor Roberts-Austen it is visible 
before the iron lines. Tho importance of this fluting in this discussion 
cannot therefore be overrated. 

The aurora being a low-temperature phenomenon, we should expect 
to And in its spectrum, lines and remnants of flutings seen in the 
spectra of meteorites at low temperatures, the manganese fluting 
being the most prominent for the reason before stated. 

The characteristic line of the aurora is the remnant of tho brightest 
manganese fluting at 558. Angstrom gave the wave-length of the 
line as 5567, and since then many observers have given the same 
wave-length for it, but probably without making independent deter¬ 
minations. Piazzi Smyth, however, givos it as 558, which agrees 
exactly with the bright edge of tho manganese Anting. R. H. Proctor 
also gives the line as a little loss refrangible than Angstrom’s deter¬ 
mination. He says:—“My own measures give me a wave-length 
very slightly greater than those of Winlock and Angstrom” (‘Nature/ 
vol. 3, p. 468). 

Gyllenskiold’s measures with tho Wrode spectroscope also give 
5580 as the wave-length of the characteristic line. T feel justified, 
therefore, in disregarding the difference between the wave-length of 
the edge of tho manganese fluting and the generally accepted wave¬ 
length of tho aurora lino. 

The lino of manganese at 540, which is seen in tho Hpectra of many 
of tho “ stars ” with bright line?, has been recorded in tho aurora by 
Vogel. 

The remnants of tho two magnesium flutings seen in bodies of 
Group II, at wave-lengths 500 and 521, are also scon as lines in the 
aurora. In addition to these, there is somotimes the lead fluting at 
546, corresponding to Duner’s band 5, and probably also the green 
line of thallium at 535, ns indicated in the tables. 

Four lines in the aurora spectrum are probably due to carbon. The 
first is at 516*5, the brightest fluting seen in the spectrum of a bunsen 
burner; I have previously described this as a high-temperature 
fluting, but the term is only relative. The second is the low- 
temperature fluting at 483, which has been recorded by several 
observers. There is probably also the high-temperature carbon 
group beginning at 474, the maximum light of which is about 469. 
Vogel reoords it as a baud extending from 463 to 469, and Lemstrom 
as 469 to 471. These observations, therefore, justify us in regarding 
this as a band, and if we take the readings of the other observers as 
the wave-lengths of the part of maximum brightness, we get the 
mean reading of the maximum as 467*5. This agrees as well as can 
be expected with the true wave-length of the maximum, 468. The 
hydrocarbon fluting at 431 has probably also been seen. 
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JiG, 19.—Map allowing the probable origin of the Spectrum of the Ai 
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Fig. 19 shows how the aurora spectrum oan bo built up from the 
lowest-temperature spectra of manganese, magnesium, lead, and 
thallium, and the brightest flutings of carbon. 

When the temperature is increased iron (615) sometimes flashes in. 
This was particularly noticed in the Norwegian observations, to which 
I have subsequently to refer. 

VI. Further Discussion of Gyllenskiold's Observations, 

Tf, in discussing Gyllenakiold’s observations, we limit ourselves to 
those cases in which not moro than four lines were recorded, wo find 
that with a few exceptions, the lines seen were lines which are 
brightest in the spectra of meteorites at low temperatures. It might 
at first sight bo expected that when only a few lines are seen, they 
ought to be the same in every case. There are variations, however, 
which iti all probability are due to differences in composition of 
different groups of meteorites. 

The following tables contain all the observations in which not more 
than four lines were recorded. The probable origin of each line is 
also stated. Some of the linos have been arranged in different 
columns, as the discussion has suggested. 

It will be observed that the characteristic line was seen alone oight 
times by Gyllenskidld out of the thirty-eight observations recorded 
in the first table. 

Out of the total number of seventy-six observations in the tables, 
the line of manganese at wave-length 540. which is seen in the 
spectra of many of the “ bright lino stars,” was seen alone on two 
occasions, and six times in company with other lines. 

The first fluting of lead, at wave-length 546, occurs alone three 
times, is twice associated with tho thallium lino, und occurs six times 
along with other lines. 

The remnant of tho magnesium fluting at 500 oceans alone only 
onco, but that at 521 occurs alone six times. 

Tho first fluting of carbon, at 517, occurs alone three times, and 
twice in company with other lines. The carbon band extending from 
468 to 474 occurs alone four times, and six times with other lines. 
The low-tomperatnre fluting of carbon at 483 only occurs once, and 
is then alone. Tho first iron line at 579 occurs alone twice, and six 
times along with other lines. When we get iron apparently without 
manganese 558 it is probably due to masking of 558 by continuous 
spectrum. The groen line of iron at 527 occurs alone seven times, 
and thirteen times in company with other linos. 

The thallium line appears alone only once, but in company with 
othen lines it appears fifteen times. 
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There are only aiz lines for which no origins can at present be 
suggested. Tho discrepancies between the readings of the same lines 
at different times are so great that a few outstanding lines are only to 
be ezpected. 

It now remains for future observers to determine by direct com¬ 
parisons whether tho coincidences suggested are real, or merely 
accidental approximations. 

VII. The Norwegian Observations . 

The Report of the Norwegian Polar Station at Bossokop in Alton, 
in connexion with the International Polar Investigation (1882-83), 
gives the results of a few interesting observations of tho aurora 
spectrum. Herr Krafffc states that in general only the characteristic 
aurora line (558) is soon, even in strong aurora*. The red line 
occasionally appears very conspicuously, but only in flashes. 

The wave-lengths obtained for the aurora lino were 5595, 5586, 
and 5587. Unliko most observations, thoso placo the aurora line on 
the less refrangible side of tho manganese fluting. Henco, we have 
an additional reason for neglecting the difference between the wave¬ 
length of the brightest edge of the manganese fluting, and the 
commonly accepted wave-length of tho aurora line, as given by 
Angstrom. 

On account of the rapid flashing-up and disappearance of the red 
line only one measurement could be made, and tho wave-length 
obtained was 6205. If this reading bo reduced in the same propor¬ 
tion as those of the green lino, a wave- length is obtained which 
agrees almost perfectly with that of the brightest edgo of the iron 
fluting.* 

These observations aro the latest which have been published, and 
were obviously made with a full knowledge of all previous work, so 
that their importance must be strongly insisted upon. 

It is fair to assume that the red line is due to iron, because we know 
that the effect of a slight increase in tho intensity of the discharge 
which produces an aurora in which only tho manganese fluting u 
visible would be to bring out the iron vapour. Hence in an aurora 
in which the green line is constant, and the red lino is only inter¬ 
mittently visible, there must be a discharge in which thore are sudden 
fluctuations in intensity, and a simple cause of the reddening ot the 
aurora is now before us. 

VIII. The Spectrum of Lightning . 

If the origin of the auroral spectrum is really that which I have 
assigned to it, in lightning in which the electric action is feeble we 

• These observations were not available to mo boforo the preceding maps were 
made, so that the iron fluting has been omitted from them. 
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ought to again meet with some of the lines indicating higher 
temperatures. 

Dr. Schuster made a series of observations on the spectrum of 
lightning in Colorado in 1878. Tho region of the spectrum dealt 
with extended from wave-length 500 to 580, and the following lines 
were observed:— 

559*2 

533*4 

518*2 

516*0 

There can be little doubt that the first line on the list is tlio 
remnant of tho manganese dating at 558, the same as seen in aurorae. 
The second is in all probability the thallium line at wave-length 535, 
the third is probably b (518*3), and tho fourth tho edge of tho carbon 
fluting at 510. 

The lines at 559-2 and 516 were only seen on ono occasion. 

These observations are of very great importance, inasmuch as they 
appear to indicate that the ditfbrenco between tho spectrum of 
feeble or diffused lightning and tho spectrum of aurora is due to a 
difference of temperature only. 

Not only can we thus trace the difference in tho spectrum as we 
pass from aurora to lightning, but just as we can trace the effects 
of gradually increasing temperatures on the spectrum of aurora, we 
can trace tho changes duo to variations in the intensities of lightning 
discharges, us I shall now proceed to indicate. 

The spectrum of lightning os observed by Schuster in Colorado 
was obviously one produced by a comparatively feeblo discharge. It 
differs from what may be conveniently callod a “ high-temperature 
aurora" only in having Mg 500 replaced by 5. It is important to 
note, however, that tho difference in the number of lines often seen 
in aurorte and in lightning is in all probability due to the fleeting 
character of the lattor. 

As we pass to tho spectrum of such a discharge as Vogel observed 
in September, 1871, the 500 line of nitrogen makes its appearance, 
and Mu 558 disappears. Vogel’s complete list of lines* is as follows:— 

534*1 

518*4 

500*2 

486*0 

467 31 band, 
to 458*3 J 

The band seen by Vogel was in all probability the carbon band 
* Poggendorff'g ‘ Armalen, 1 vol. 149, p. 654, 
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which is soon in the “ bright-line stars," and it appears to be the 
most visible of the carbon bands from the same reason in both cases, 
namely, the absence of continuous spectrum in the blue. 

The last stage in the spectrum of lightning seems to be that in 
which the brightest lines in the spectrum consist entirely of lines of 
nitrogen. Such a spectrum has been observed by Col. John Hersohel, 
the following lines being recorded:— 

# 5697 

500-9 
463-6 

These are tbe throe strongest lines of nitrogen, the wave-lengths of 
which, acoording to Th&l&n, are— 

506-6 } d0uWe Une - 
500-51 

500-2 J ” ” 

4631 

We have, therefore, an almost complete sequence of electrical dis¬ 
charges through our atmosphere, from discharges so feeble that we 
only see the 500 fluting of magnesium, or the 1st fluting of manga¬ 
nese in their spectra, to those in which the brightest lines of nitrogen, 
characteristic of intense discharges, are the brightest lines visible. 
It is important to note that in the latter case we have to deal with 
discharges through tho lower and denser portions of the atmosphere. 
The conditions of the two extreme cases are therefore very different, 
and the spectra differ accordingly. In one case the discharges pass 
through rarefied air charged with meteoric dust, whilst in the other 
they pass through deuse air which is comparatively free from such 
dust. 

In experiments with large air vacuum-tubes the lines of uitrogon 
arc never seen, and it iB extremely improbable, therefore, that they 
would occur in weak discharges through a space which is much loss 
confined. Hence, when the line at 500 is seen in conjunction with 
the fluting of manganese, it is in all probability due to magnesium 
and not to nitrogen. 

The forked lightning discharge can be imitated by a jar spark, or 
by the spark from an electrical machine, and the brightest lines in 
the spectra, as we have seen, are identical. 

Fig. 20 shows the various spectra of air charged with meteoric 
dust when illuminated by electrical discharges of gradually increasing 
intensities. The lowest temperatnro of all gives the Mn fluting at 
558. With the first increase in intensity the iron fluting (615) is at 
times momentarily added, then magnesium, lead, thallium, and carbon 
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until thero is a complete spectrum. The next stage of increasing 
intensity is that observed by Sohuster in which magnesium is repre¬ 
sented by b. Then comes Vogel's spoctrnm, entirely without man¬ 
ganese, but with 6, T1 (535), H (F, 486), C band (468—474), and 
N(500). Schuster did not make observations beyond 500, so that the 
continuity in that region is apparently broken. It is possible that the 
broad band in the blue observed by Vogel was the group of nitrogen 
linos, the brightest of which is at 463 ; but in that case it is difficult 
to understand why a decided maximum was not recorded. Finally, 
we have the spectrum observed by Col. Herschel, in which those 
nitrogen lines appear brighter than all the rest, exactly as they 
appear in an intenso spark discharge in our laboratories. 

The question will probably arise in some minds how it is that if we 
assume that the luminosity of nebulas and aurora both proceed from 
meteoric dust, that in tho case of the nebulas we have to deal chiefly 
with the magnesium fluting at 500, whereas in the case of tho aurora 
the line most constantly seen by itself is the manganese line at 558 ? 
The importance of this question becomes evident when we remember 
that the line 558 is seen for hours without the interference of any 
other line whatever, and seen under conditions which indicate that 
the higher reaches of the atmosphere are so full of the glowing stuff 
which produces the line that the light is sufficiently intense to be 
reflected by the particles lowor down. It may be that in this difference 
wo have an important piece of evidence regarding the origin of the 
luminosity in the two cases in question. 

In the case of the nebul®, tho light of which I havo attributed to 
collisions, it is obvious that the collisions which produce the lowest 
temperature will always be greatest in number, that is to say, there 
will be more grazes than smashes. In any case, however, where the 
luminosity is produced in this way there will be sufficient tempera¬ 
ture brought about by impacts to volatilise the constituents of the 
meteorites. Considering the meteorites merely from what wo know 
about their composition from those which havo fallen on the earth, 
we must assume that the largest constituent of meteorites is olivine. 

Where, therefore, we are dealing with collisions merely, we should 
expect to get the spectrum of olivine produced say 10,000 timeB, while 
the spectrum of tho other substances would only be produced once in 
consequence of more extensive collisions. But when we pass from 
the nebulas to the meteoric dust in our air we are no longer dealing 
with collision*; we are dealing with luminosity brought about by 
eleotrical discharges; and it requires no long argument to show that 
these electric discharges would be more likely to travel along and to 
render luminous the metallic constituents of the dust rather than 
the silicates of magnesium or of any other metal. 

In this way, then, we should expect to get electrically exhibited the 
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spectrum of the substances in the iron dust which came out under thfr 
lowest conditions of electrical excitation. 1 have previously shown that 
under these circumstances what we do get is invariably the spectrum 
of manganese with its first fluting at 558, and that long before the 
spectrum of iron itself is soon. 

Should this lino of argument be accepted, we have in it an addi¬ 
tional proof of the suggestion that the luminosity of nebulee is really 
dne in great part to collisions, not to electrical excitation of any kind 
in the first instance. 

I think it will bo granted after what has preceded, that there is 
strong evidence of an intimate relation between the spectrum of the 
aurora and the spectra of meteorites and meteor-swarms. Certainly 
the coincidence is such as to justify us in regarding meteoric dust 
as the origin of the spectrum until a better and more probable origin 
is demonstrated. 

How this view will meet the periodicity and geographical distribu¬ 
tion of aurora; remains to bo investigated; the question may bo asked 
whether the enrth sometimes meets greater quantities of aurora- 
producing matter revolving round the sun than at other times, and 
whether in this way the periodicity may bo explained. 


IX. The Aurora and the Zodiacal Light . 

Since the shooting star ignition level lies between 75 and 50 miles 
in height, and aurora) have been seen at heights of over 100 miles, it 
seems probable that, the matter which reaches the earth from space 
is in the main of three degkfes of fineness, and gives evidences 
of its existence at throe different heights, tho finest furnishing 
materials lor auroral displays at heights reaching to 130 miles,* the 
mean finenesses igniting at a height of 75 miles, and giving rise to 
the appearance of falling sta’B, till a height of 50 miles is reached, 
when it is all consumed; and tho coarsest of all, which at times reach 
the surface itself m meteoric irons or stones. 

An additional argument in favour of the meteoric theory of the 

• Capron and Herschel, “ On the Auroral lleam of November 17,1882 " (‘ Phil. 
Mag / Mar, 1883j. Proletsor Herschel, from measurement* made 18C3-67, deter¬ 
mined tho hoight of long white stationary auroral arches to be close upon 100 
miles. 

Herr Sophus Tromholt (* Nature, 1 vol. 27, p. 394) gives 90 miles, and Baron 
Nordensk,5ld (‘ Scientific Work of the “ Vega’* Expedition/ Part I, p. 401-450), 
gives 115 miles. 

Professor llerschol has al*o referred to measurements of auroral arches by Dr. 
Dalton (‘Plnl. Trans./ 1828, p. 291), who found 100 nulos. Professor Pol ter’* 
determinations (' Cambridge Phil. Trans./ 1845) of the heights of auroral arches 
observed in September and October, 1833, Tanged, on the other hand, between 55 
and 85 miles. 
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aurora is furnished by other phenomena, which sometimes accompany 
them. 

Daring the groat aurora of January, 1831 (Poggondorff’s * Annalen’ 
of that year), a bright yellow streak was seen to riBo with common 
cloud velocity, forming an arch from west to oast, becoming invisible 
in the west by the time it hod reached the east. 

During the same aurora Professor Bischoff, at Burgbrohl, saw* a 
moving cloud, as bright as the Milky Way, pass from cast to west in 
five minutes. 

During another aurora, December, 1870, Professor Kudberg, of 
Upsala, saw a very bright patch, of double the dimensions of the 
moon’s disk, moving with great velocity behind the auroral boamH. 

On November 2, 1871, Dr. Groneman saw a strange, fcather-like, 
brilliant arch, striped parallel to its well-defined sides, and changing 
its curve during its visibility of two hours’ duration. Dr. Vogel 
determined the auroral character of its spectrum.* 

On May 17, 1875, Mr. Lefroy (Freernantlo, Western Australia) 
describes a similar feather-1 iko appearance, which he considered to be 
converging streams of infinitely minute particles of matter passing 
through space at a distance from the earth less than that of the moon, 
and at which the earth’s aerial envelope may still have a density suffi¬ 
cient, by its resistance, to give to cosmic dust passing through it with 
planetary velocity that slight illumination which it possesses, f 

On November 17, 1882, however, was seen tho most remarkable 
display of this nature in tho middle of an intonse aurora then visible. 
Again the appearsncu was feather-like, again tho spectrum was auroral, 
but the strange object moved across the sky, at a height of 133 miles, 
as determined by Capron and Herschd, and with a planetary velocity 
of between 10 and 15 miles a second ! 

Dr. Groneman did not hositate at the time to look upon it as a mass 
of meteoric dust traversing the higher reaches of onr air, and 
regarded it as a strong confirmation of the view which he had resusci¬ 
tated, J a conclusion in which I concur. 

The above results also strengthen tho view that the aurora is very 
similar in some respects to the zodiacal light. Such a connexion is 
indicated by tho fact that when we have greatest number of aurora, 
in spring and autumn, the zodiacal light is also best visible. The 
spectroscopic observations of Angstrom and Respighi show that the 
spectram of the zodiacal light consists of tho characteristic line of the 
aurora and a short continuous spectrum, and thus furnish further 
evidence of tho connexion suggested. The observations of Wright 
and others, showing that tho spectrum is continuous, are not at 

• * Nature/ vol. 27, p. 297. 

f 1 Nature/ vol. 12, p. 330. 

J ' Nature/ vol. 27, p. 296. 
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variance with Angstrom’s observation, for we should expect the 
spectrum to be somewhat variable.* It is probable that the observa¬ 
tions showing nothing but continuous spectrum were made when the 
temperature was only sufficient to render the meteoric particles red 
hot. That the zodiacal light does consist of solid particles, or at all 
events of particles capable of reflecting light, is Bhown by the 
polar iacope. 

No one has ever gone so far as to suggest that the zodiacal light is 
an atmospheric phenomenon, and yet the principal line in its Bpectrum 
is identical with that in the spectrum of the aurora. We have, there¬ 
fore, an additional reason, if one bo required, for discarding any 
atmospheric origin which has been suggested for the auroral spectrum. 

Paut II. —Fallen Dust. 

We have now completo evidence of the existence of meteoric dust 
in the atmosphere, first, from the known number of meteorites which 
enter the atmosphere, and secondly, from the spectroscopio observa¬ 
tions of auronc. This dust will finally roach the earth’s surface, and 
it is exceedingly interesting to trace its subsequent history as far as 
possible. 

Tho detection of such dust which falls on the general surface of the 
earth is almost hopeless, but that which falls on the soa will have a 
chance of accumulating where tho water is quietest. The researches 
of Messrs. Murray and Ronardf during the “ Challenger ” Expedition 
seem to indicate that such an accumulation really takes place. 

An examination of the deep-sea deposits collocted during tho expe¬ 
dition has led them to believe that certain small “magnetic spherules ” 
are totally unlike particles of iron derived from basaltic rocks or from 
fnrnaces, and that their origin is probably meteoritic. In addition to 
these, great numbers of the so-called “ manganese nodules” were 
found in the red muds from deep-sea bottoms. Messrs. Murray and 
Renard incline to the belief that these owe their origin chiefly to the 
decomposition of volcanic rocks, but my own researches seem to show 
that they may be at least partly formed by tho accumulation of altered 
meteoric dust. 

An analysis of one of these nodules by Professor Renard (‘ “ Chal¬ 
lenger” Report, Narrative,’ vol. 1, Part II, p. 1048), gives the follow¬ 
ing 


• Since the above was written I have received a letter from Mr. T. Sherman, 
atating that he has reason to believe that the appearance of the 668 line in the 
sodiacal light has a regular period. 

f ** On tho Microscopic Characters of Volcanic Ashes and Cosmic Dust, and 
their Distribution in Deep-sea Deposits,” ‘ Edinb. Roy. Soc. Proo.’ and ' Nature/ 
vol. 29, p. 686. 
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Water (H 2 0). 9 51 

Silica (SiO*). 19 34 

Lime (CaO). 3*19 

Alumina (Al a O a ) . 6*36 

Ferric oxide (Fe a O s ). 26*70 

Magnesia (MgO). 1*79 

Oxide of manganese (MnO). 26*46 

„ nickel (NiO). 1*82 

Oxygen. 6*31 


101*48 

The specimen examined was from Station 276, 2350 fathoms. South 
Pacific. 

I have observed the spectra of some of the nodules, which were 
kindly placed at tny disposal by Mr. Murray. 

In the oxy-coal-gas flame, lines of Na, Tl, Li, K, Mn, and Fe are 
seen. Tbo brightness and persistence of the thallium line at 535 is 
very remarkable, and is especially interesting since the line is soon in 
the aurora and in one or two meteorites. The red line of lithium, 
which is seen in many of the meteoric flames, is also bright in the 
Bpectrum of tbe nodules. Tbe manganese fluting at 558, the one 
coincident with the chief line of tho aurora, is also seen in the 
spectrum of the nodulos, but it is not nearly so bright as tho thallium 
line. The iron lines are very faint. As might be expected, from the 
association with sea-water, the lines of sodium and potassium are 
very bright. A photograph of the flame spectrum shows lines of 
manganese, and some of the strongest violet lines of iron. 

When Homo fragments of the nodules are placed along an end-on 
vacuum-tube and tbo spark passed, flntings of carbon and lines of 
hydrogen appear, almost exactly as they do when meteorites are 
subjected to tbe same treatment. When the tube is made red hot, 
the thallium line becomes very bright, and also the yellow and groon 
lines of sodium. 

It will be Boon that tho spectre of the nodules are somewhat differ¬ 
ent from those of meteorites, chiefly in the relative intensities of the 
lines, but the difference can probably bo explained by considering the 
effect of sea-water. I have tho authority of my friend Professor 
Thorpe for stating that thallium and manganese would bo the most 
likely of the meteoric constituents to form insoluble compounds, and 
hence these are what we should expect to find in deep-sea accumula¬ 
tions of meteorio dust. The spectroscopic observations therefore 
seem to show that it is not improbable that the manganese nodules 
owe their origin, in some part at least, to meteoric dust. 

At the suggestion of Professor Renard I separated some of the iron 
spherules from the nodules by dissolving in dilute hydrochloric acid, 
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and pnssing a magnet through the insoluble residue. In the oxy-coal- 
gas flame the spectrum of the spherules consisted of lines of iron, 
sodium, and potassium, and the flutings of manganese, but there was 
absolutely no trace of thallium. The other portion of the residue, 
however, gave the thallium line as bright as the nodules themselves. 
The solution, when evaporated to dryness, gave no indications of 
thallium. 

If we are justified in regarding the partly meteoric origin of the 
nodules as established, the oxcess of thallium shows that each nodule 
represents a very considerable quantity of meteoric dust, since there 
is only a comparatively small proportion of thallium in meteorites. 
This further suggests that an enormous quantity of meteoric dust 
passes through our atmosphere, especially as that which falls on the 
sea only represents a portion of the total amount. 


III. “ SUGGESTIONS ON THE ORIGIN OF BINARY AND 
MULTIPLE SYSTEMS." 

In connexion with the explanation of the variability of the bodies 
of Group IT, which 1 suggested in the Bakerian Lecture for the last 
year, I indicated that in the absence of spectroscopic details, the 
colours of the components of double stars might enablo us to deter¬ 
mine whether both huvo condensod from double or multiple nebulee, 
or whether the companions are later additions to the systems. I also 
referred to some difficulties in the discussion. 

On furthor consideration some of the difficulties have disappeared, 
and 1 now proposo to return to the subject, limiting myself for 
greater simplicity to binary systems. 

For this purpose it is necessary to begin by stating briefly what we 
know relating to the colours of the different groups of celestial bodies, 
adopting the classification which I suggested in the Bakerian 
Lecture. 

I. Colour Phenomena . 

As far as wo at present know, the colours associated with the 
different groups of celestial bodies are in all probability as follows •— 


Group I...... Blue, greenish blue, white, or pale grey. 

Group II. Yellowish red. 

Group III...... Yellow to greenish white. 

Group IV. Bluish white. 

Group V. Greenish white to yellow. 

Group VI. Reddish yellow to blood red. 

Group VII. Dark or nearly dark bodies. 
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The blue colour of some of the more advanced members of 
Group I, which arc all faint, is probably duo to tho bright bluo 
fluting of carbon which stands out beyond the end of tho continuous 
spectrum. They are really blue, and not apparently so because of 
Any absorption of the red. That in the case of double stars this 
colour is not duo to optical causes or complementary colours is shown 
by the fact that there aro some equally faint stars which are seen to 
be red under similar contrast, and instrumental, conditions. 

Pochiile has observed the spectrum of one faint blue star, and his 
observation bears out my view of their nature. He says:— 

'*.l.V au Nord do cette 6toilo je trouve uno etoilo tie T 1 "*, 

qui a un spectre tr£s singular ni du III ni du IV type- La 
partio nioins refrangiblo du spectre n’est qu'indistincteinent coupco 
et un peu plus lumineuso du c6tc du rouge. Apres un largo intervalle 
notr vient une zone foroite d'un eclat tout-d-fait predominant qui 
s’6toint rapidement du c6t6 plus refrangible, ot forme la fin du 
spectre. La couleur do Tetoile est bleu4tro.” (Pochiile, 'Expedition 
Danoise,' 1882, p. 40.) 

The greou colour of the unadvancod members of Group 1 is pro¬ 
bably duo to the magnesium radiation; thus, the Ring Nebula in 
Lyra is green, and we find that its radiation consists almost entirely 
of the magnesium fluting at wave-length 500. Tho bodies in the 
same group which are white, or pale grey, in all probability add the 
radiation of carbon and incandescent meteorites to the foregoing. 
How for spectroscopic observations made with the assistance of lurge 
telescopes will confirm tlieso views or prove them to lie erroneous 
remains to bo seen ; for the present, however, we may take tho 
colours associated with bodies in Group I as I have stated them. 

The colours which I have associated with Groups II and VI are 
those given by Dun6r. 

Tho prevailing tints in bodies of Groups III and V aro white, 
yellow and orange, so that when we see a yellow star we cannot say 
from colour alone what group it belongs to. 

Tho later spocies of Group III will be whito and greenish white, 
the latter being the most advanced. With a farther increase of 
temperature, stars of Group IV are formed, the colour becoming 
bluish white owing to the increase of blue light. After this the 
temperature begins to fall. The first species of Group V will also 
be greenish white on account of the reduction of blue light, and the 
next species will be white. After this, the various species of the 
group will vary from yellowish white to orange. 

The stars of Group IV, a Lyree, and Sirius being tho most brilliant 
types, are bluish white. 

The bodies of Group VII have little or no inherent luminosity. 
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II. General Statement of Conditions, 

In discussing the question whether the components of a binary 
star have condensed from the same nebulosity or not, a difficulty arises 
on account of the fact that, according to my theory of their constitu¬ 
tion, there will be no constant relation between the mass of a swarm 
and its brightness. When we see a “ star " of a certain magnitude, 
we cannot tell from its brightness alone whether it is a large faint 
one or a small bright one; for a large body (it a low temperature may 
be equalled, or even excelled in brightness, by a smaller body at a 
higher temperature. But when wo know the spectra of the bodies, 
we also know their relative temperatures. In the absence of spectro¬ 
scopic details, colour helps us to a certain extent, as I have shown. 

If a pair of stars of unequal masses have condensed from a double 
nebula, the smaller one will bo further advanced along the tempera¬ 
ture curve than the larger one ; the colours and spectra will be 
different, but it is not imperative that the magnitudes shall be unequal . 
The smaller swarm, because it must be in more rapid movement round 
the common centre of gravity, will suffer more qua si-tidal action 
and therefore collisions per unit volume; it will therefore condense 
more rapidly than the larger one; it will soon become as luminous, 
and afterwards will for a time be considerably hotter than tho larger 
one. 

If the mosses be very unequal, tho smaller one will have the smaller 
# magnitude for a longor time. When there is a great difference in 
magnitude, therefore, it is fair to assume that the one with the 
smaller magnitude has also the smaller mass. 

Another difficulty in tho discussion, in tho absence of spectroscopic 
details, is due to tho similarity in colour of bodies at equal heights on 
the opposite sides of tho temperature curve. Thus, as already stated, 
bodies in Group III have, as far as we at present know, exactly the 
same colour, namely, yellow, as those in Group V. Again, many 
of the members of Group II have the same colour as some in 
Group YI. 

The general conditions with regard to this subject may be thus 
briefly stated:—If the magnitudes , colour, and spectra of the two 
components of a physical double are identical, both had their origin 
in the same nebulosity with two condensations, or in a double nebula. 

If the magnitudes are nearly equals but the colours and spectra 
different, it may be that the one with the most advanced spectrum has 
the smaller mass, and if the advance is in due proportion, wo are 
justified in regarding thorn as having had a common origin. 

If the magnitudes are very unequal t we may take the one with the 
smaller magnitude as having the smaller mass, and if it is propor¬ 
tionately in advance, &b indicated by its spectrum, or colour, we may 
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regard both components as having had a common origin* If the 
smaller one be less advanced than the larger one, we have to regard it 
as a late addition to the system. 

If the two stars are of equal mass and revolve round their oommott 
centre of gravity they have in all probability done so from the nefan* 
loos stage, and therefore they will have arrived at the same stage 
along the evolution road, and their colours and spectra will be 
identical. 

If however , the masses are very different , then the smaller mass will 
run through its changes at a much greater rate than the larger one. 
In this way it is possible that the stars seen bo frequently associated 
with globular nobuhe may be explained ; while the nebula with a larger 
mass remains still in the nebulous condition, the smaller one may be 
advanced to any point, and may indeed even be totally invisible 
(Group VII), while the parent nebula is still a nebula. This condition 
may be stated most generally by pointing to those double stars in 
which the companions are small and red, although we know nothing 
for certain with regard to thoir masses. But if we pass to the other 
category in which it may be suggested that the companion is added 
afterwards, the most extreme form would be a nebula revolving 
round a completely formed nlar, like an enormous comet round the 
sun; a less extreme form npnld be a bright lino star, or a star of the 
second group, revolving round one of a higher group. In this case 
the colour would bo blue or grcenish-bluo or grey. 

III. Light Curve#. 

I find that the best way of dealing with this question is to represent 
the life of each component by a curve, in which the ordinates repre¬ 
sent time and the “ magnitude 99 of the star. Then, if the colours and 
magnitudes are consistent with the cuvyob beginning at the same 
point, we are justified in regarding both as having condensed from 
the same nebulosity. If not, in all probability the companion wonld 
be a later addition. 

The form of the light curve, which represents the effect of increase 
and decrease of temperature, will probably be something like fig. 21. 
We should expect the curve to be Borne what similar to the light curves 
of the regular variables of Group II, where the increase in luminosity 
is due to the collision of two meteor-swarms. Here there is a rapid 
rise to maximum, and a steadier fall to minimum. This is confirmed 
by the fact that there is apparently a greater number of stars of 
Group V than of Group III, though on this point I cannot yet speak 
with %ny certainty. If this should turn out to be so, the fact would 
appear to indicate that the time of existence of a body as a star of 
Group V is probably longer than the time during which it exists as a 
condensed meteor-swarm under the conditions of Group IIL Daring 

VOL. XLV. s 
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Via. 21.—Light curve of a meteor-swarm during the various stages of condensation. 
The numbers represent the spectrosoopio groups, I being the least condensed, 
and Vll the most oondensod. 


its existence as an uncondonsod swarm, however, the increase of 
luminosity of the swarm will be very steady; hence there will first of 
all bo a gradual increase of luminosity; this will be followed by a 
rapid rise to maximum, and afterwards a steady fall, until finally all 
luminosity disappears. 

The light ourves being of this form, if we begin with two unoon- 
densed swarms of equal masses and conditions, the curve for each will 
be the same iu length and in the point of maximum luminosity. It 
will be a neck and neck race, and we shall have equal brilliancy, 
similar colour and spectrum throughout. Such stars I call Class I. 

IV. Binary Stars , Class 1 .—Equal Magnitudes and Similar Colours {not 

Yellow), 

The first question is: Are there any such stars, for from the 
existence of so many nearly equal doable nebula iu the heavens we 
should expect a large number. 

For tbe purpose of this inquiry I have usod the Bedford Catalogue,* 
and have limited myself to the stars which afford the strongest 
evidence of being binary systems. In tbe absence of any speotro- 
Bcopic survey of such systems, I am forced to content myself with 
similar or nearly similar colours. 

The following is a list of the binary stars given by Smyth, in whioh 
the magnitudes and colours of the components are almost identical. 
I except for the present those in which both components are yellow 
for a reason before stated. 

In these cases the two curves representing the lives of the com¬ 
ponents will be identical, or nearly so, and will be as in fig. 21. One of 
the components may have a somewhat smaller mass, and, therefore, a 
shorter time of existence, as a self-luminous body, than the other, 
but the magnitudes and colours may still be nearly equal, or suffl- 


* 1 A Cydo of Celestial Objects,’ Smyth and Chambers j 2nd edition, 1881. 
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ciently so for my present purpose in the present state of our know¬ 
ledge 

Table I.—Binary Stars, Class 1. 



39 Pisoium. 

181 P, O. Cassiopeia). 

128 Pisoium. 

209 P. I. Pisoium.. 

a Fiscium. 

259 B Andromeda). 

c Ariotis ... 

7 Tauri................ 

82 Orionis. 

801 P. VI Ljnois. 

1104 « Puppis.. 

a Geminorum. 

170 P. VI1 Cams Minons 

4 Cancri... 

157 B. Lyncis...... 

229 P. X Leonis. 

€ TJrsas Majons .. 

1606 2 Con. Venatico. 

y Virginia. 

1678 2 Virginia.... 

127 P. XIII Virginia .. .< 
238 P XIII Virginia 
B, Bootis. 


44 Bootis. 

1 B. Corona* Borealis 
if Corona) Borealis.. 


108 P. XIX PmconiB 


2744 c Aqu&ru 
29 B. Pegosi.. 
t Cepliei.... • 
148 B. Pegosi. 


8 Light yellow .. 
81 Flushed white.. 

81 Vollowish. 

7* White. 

6 Whito. 

8 White. 

61 Pale yellow.... 
6* White. 

7 Bright white... 
6* White ........ 

9 White. 

3| Bright wbito... 

8 White. 

7 White. 

8 White. 

8 White. 

5} ftubduod white. 

7t Whito. 

4 Silvery whito... 
7t Very white .... 

, 9 Palo white .... 
81 White. 

9 White ........ 

4} Blight white... 

6 Pale white. 

6| Very white .... 

6| White. 

8| Greenish white. 

7| Pale white. 

9 White. 

41 White.. 

8 Pale white. 

7| Silvery whito... 
&fc White ........ 

9 Wliilo. 

6 Bluish. 

7 \ White. 

8 White. 

7 Bluish. 

8t White. 

41 Very white .... 
7* White. 

8 Yellow. 

81 Flushed. 


Flushed white. 
White. 

Pale white. 
Whito. 

White. 

Whito. 

White. 

Pale yellow. 
Pale white. 
White. 

White. 

Pale white. 

Ash-colourcd. 

Yellow. 

White. 

White. 

Greyish white. 
White. 

Palo yellow. 
Yellow white. 
Yellowish. 
White. 

White. 

Bright white. 
Lucid grey. 
Very white. 
Golden yellow 
Greenish white. 
Yellowish. 
White. 

White. 

Pale white. 

Pale white. 
White. 

White. 

Bluish. 

White. 

White. 

Bluish. 

White. 

White. 

White. 

Flushed white. 
Flushed. 


Y. Binary Stars t Class 2 .—Equal Magnitudes and Similar Colours 

(Yellow). 

The following list contains those binary stars in which both com* 

* These colours are as given by Pawes. 
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ponents are yellow and of nearly equal magnitudes. If both com¬ 
ponents shall be found to have identical spectra, thus placing them in 
the same group, a point which their colour leaves indeterminate, 
their “ life curves ” will be coincident. If one is found to belong 
to Group III, however, nnd the other to Group V, they can still be 
represented by two curves beginning at the same point, hut with the 
ascending side of one intersecting the descending side of the other 
as in fig. 22. The places occupied by the stars are indicated by dots; 
the portions of the curves to the left of the dots represent the stages 
already passed through, thoso to the right the stages still to be gone 
through. This also applies to tho diagrams which follow. Jn the 


Ft(J. 22 .—The light curves of the two components of a binary star, in which both 
components are yellow, and of equal or nearly equal magnitudes. 

former case tho masses of tho two components would evidently be 
equal, or nearly so, while in tho latter case, one would be considerably 
larger than the other. Hence, in all cases where the components are 
yellow and of nearly equal magnitudes, wo are justified in regarding 
them as having possibly condensed from the same nebulosity. 


Table IT.—Binary Sim's, Class 2. 


Smyth's 

No. 

Name. 

Magni¬ 

tudes. 

Colours. 

8 

316 B. Cephoi. 

6i 

7 

Yellow. 

Doeper yellow. 

12 

318 B. Cephoi. 

7 

?* 

Yellow. 

Yellowish white. 

46 

36 Andromed®... 

6 

Bright oruuge.. 

Yellow. 

487 

149 P. Ill Puppii. 

6 

6 

Topaz tinted... 
V mi low... t 

Topaz tinted. 

524 

£ Oaneri... 

ft 

7 

Orange tint. 
Faint yellow. 

689 

9 P. XI Looms. 

n 

75 

Paint yellow... 

690 

1516 £ Deacon is.. 

n 

4* 

8 

Yellowish ..... 

Ashy yellow. 

Pale yellow. 

895 

42 Com® Berenict* ..... 

5 

Pale yellow,... 

981 

a Centsuri. f ... 

1 

2 

Yellow. 

Yellow. 

1468 

61 Cvmu. 

61 

7 

6 

Yellow. 

Y ullow. 

1483 

20 K Pegnsi. 

7 

Yellowish. 

Yellowish. 

1598 

37 B. Andromeda. 

6 

6 

Yellowish ... 

Yellowish. 
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VI. Binary Stars, Class 3 .—Equal or Neatly Equal Magnitudes, one 
Star being I Hue. 

Thom is a considerable numbor of binary stars in which tho magni¬ 
tudes of the components do not differ very much, bnt where one star 
is blue. If wo take these blue stars as belonging to Group l 
we shell have an average case represented by tig. 23, both curves 
starting at the same point. From this point of view thj companion 
which has the smaller magnitude has tho greater mass, and tho 
system is young. 


FiG. 23.—Light curves of tho components of a binary star of Class 3, in winch both 
components have equal or nearly equal magnitudes, one being blue. 

If these curves aro a fair representation of binary stars of this 
class, it is clear that we ought to find the primaries in every ease, 
white with a tendency to yellow. This is a severe test, bnt yet on 
referring to the following table, which is a list of such binary stars, 
it will be seen that there is not a single caso in which the primary 
is not white or yellow : — 

Tabic III.—Binary Stars, Class 3. 


3 x h '‘ *— Sr 


1 

1 I. <Joium>}Kmu...... 

.... 7 

3 

Yellowish white 

Bluish. 

21 

49 Piscium. 

. 7 

104 

White 

Blue. 

24 

51 Piscium. 

. 61 

9 

Pearl white.... 

Lilac. 

&0 

251 Fisoium. 

.,» 

9 

Pale orange.... 

Clear blue. 

63 

120 

150 

€ Fisoium. 

. 6 

8 

Hi 

Hi 

White. 

Yellow. 

Palo grey. 
Pale grey. 
Light blue. 

33 Arietta. 

!.!!; 6i 

Palo topaz.... 

202 

93 Jfinduru. 

. 64 

!) 

Yellow. 

Plum colour 

433 

14 Lynns. 

.i *1 

7 

Golden yellow. 

Purple. 

442 

33 Genunorum. 

.1 54 

8 

Light yellow., 

Purple. 

607 

5 Puppn*. 

.| 74 

9 

Pale yellow ,. . 

Light blue. 

696 

w Looms.. . 

.'64 

74 

Palo jellow ... 

Greenish. 

671 

f>4 Looms. 

. n 

7 

Whit©. 

Grey. 

706 

i Looms .. 

. 4 

71 

Pale follow ,.. 

Light, blue. 

722 

17 Crat-eris. 

.' o\ 

7 

Lucid white.,. 

Violet tint. 
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Table II f— continued. 



Name. 


Magni¬ 

tudes 


Colours 


1)22 
oa» 
971 
995 
ION l 
1101 
1132 
1219 
1229 
1441 
1198 
1522 
1524 
1528 
1531 
r 1586 


25 Cnnum Venal icoruni .. 

1785 Y Uootw. 

70 P XIV Libw . 

i { Boolu. 

i <t t’oromu Boroahs . 

: A Ophuudit. 

| 167 Ji. llerrulw. 

I 70 Opluuchi. 

| 417 B. Hcrculut. 

1 4 Aquani. 

1 H C’ygni... 

41 Aquarii ... .. 

33 1\ XXII Pega«i...... 

y Aquarii. 

83 Pegaai. 

107 Aquarii.. 


6 

8 

White. 

Bluo. j 

71 

8 

[ White. 

Bluish. j 

71 

94 

Pale >elIow .... 

Greenish ' 

34 

«4 

Onuige. 

Purple. | 

6 

61 

Creamy white . 

Smalt blue i 

4 

6 

\ cllow while... 

Numlt blue | 

7 

Hi 

Yellowish ..... 

Bluish. i 

44 

7 

Pale topaz. 

Violet. 

6 

71 

Yellow. 

Bluish. 

6 

8 

Pale yellow.... 

Purple. 

5 

6 

White. 

Blue 

6 

8* 

Topaz yellow .. 

Cerulean blue. 

74 

104 

Lucid yellow... 

Sea green. 

4 

14 

Greenish tinge. 

Purple. 

64 

JO 

Yellowish. 

Blue. 

6 

74 

Bright white... 

Blue. 


VII. Hiuary Stars , Class 4 .—Very Unequal Magniludes, the smaller 
Star heiutj lilac. 

The next class tu be considered in that in which (he companion is 
of relati\ely small magnitude, and is blue, green, or grey,the primary 
usually being white or yellow. 

A binary star of this class cnn be equally well explained by starting 
the two curves at (he same point, or starting one later than the other. 
In the former case wo should have to regard the one with the smaller 
magnitude as having the greater mass, and the two curves would bo 
as in fig. 24, u. If we take the one with the smaller magnitude as 
having the smaller mass we shall have the curves as in tig. 24, b. 


Fig. 84,—Light curve* o! the component* of a binary star of C1 *m 4. a represent# 
the ease on the asumptkm that both component* con dewed from a doable 
nebula, whilst b represent* the case on the sMiunpCion that the companion it a 
eometary addition. 

It seems probable, therefore, that we shall never be able to tell 
whether the components of a binary star of this class have both con- 
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donsod from the stimo nebulosity or not; but since the components of 
the majority of binary stars appear so far to lmvo had in all pro¬ 
bability a common origin, there in no reason why wo should rather 
regard those ns having had a different one. The following is a list of 
them taken from Smith’s * (\desliitl Gy ole * •— 


Table IV. —Binary Stars, Cln^s 


Mnivth’a 

No. 

Ntitno. 

Magni¬ 

tudes 

CuloUIM 

2 

a Andromeda’.. 

2 

U 

White.. 

Purplish 

9 


24 

1L 



1 l 

1 Uot 1... 

4 

11 

Hright yellow .. 

Deep blue. 

it; 

42 Piaoium . 

7 

13 

Topaz yellow... 

Kinernld green. 

48 

u Andromeda’.. 

4 

16 

Bright white .. 

Duaky grey. 

H3 

40 Chsmkimi’iid .. 

8 

11 


Pule blue 

118 

r 'J Tiling mi. 

54 

15 

Bright yellow., 

Dusky. 

940 

S 1 trinnia . 

2 

7 



440 

59 Aungir. 

6 

11 

Pule yellow .... 

Til Mil. 

482 

£ (.4 cm in* >r uni.. 

34 

9 

Pale white. 

Purple. 

533 

67 P. VIII Cancri. 

6 

13 

Pearl white.. .. 

Violet. 

551 

t ('uiicri... 

44 

12 

Straw coloured . 

Blue. 

554 

« Hydro? . 

4 

84 

Palo yellow .... 

Purple. | 

685 

1 Unm* Mujoris . 

34 

U 

Topas yellow .. 

Purple. 

663 

ff a I’WH* Mujorirt . 

64 

<4 

Flushed white,. 

Sapphire blue. 

926 

1 Boot IK. 

8 

10 

Sapphire blue . 

Smalt blue I 

1354 

<* Oygm . 

34 

9 

Palo yellow .... 

Sea green. 1 

1499 

■ Prgruu. .. 

4 ! 

15 

. PrIa w till e. ,, . t 

Purple. j 

1550 

$ Pegam . 

6 

15 

Pule yellow ... 

Blue. 1 

1507 1 

it Cephei. 

5 

10 

Deep yellow .., 

Purple. 


VIII, Binary Stars, Class 5 .—Unequal Magnitudes, the fainter Star 

being lied. 

There are a few binary stars in which the companion is red. The 
red component has probably a smaller mass than the primary, and is 
consequently, farther advanced along the temperature curve. Fig. 25 


Fig. 25.—Light curves of the components of a binary atar of Claaa 6, in which the 
companion ia red and relatively amall. 





























2lU) Mr. J, N. Lockyer. On the Classijication [Jan. 10, 

rcpreRcnts an averago case of such a binary star*, both curves starting 
at the same point. In this cast*, it will bo soon that the companion 
has almost run through all its stages, whilst the primary has still 
several stages to pass through. This may bo regarded as a more 
advanced stage of binary stars of Class 2. 

Wo have here again a severe test, for if these curves represent 
anything like the truth, the primaries ought in every case to be 
greenish white, white or yellow. On referring to the list it will be 
seen that this condition is satisfied in every case. To make quite 
sure that f> Herculis belonged to this class of binaries, a special 
examination of its spectrum was made at Kensington. This showed 
it to be almost as far advanced along the temperature curve as Sirius. 

Only a small number of such binaries lias been recorded. They 
aro as follow :— 


Table V.-- Binary Stars, Class f>. 


8 m\ th's 

Nan io. 

So. 

42 

if Cassiopeia*............ 

6 Herculis. 

1157 

1274 

c Lyras. 

1297 

287 P. XV1I1 Dntroiiia .. 

1561 

t Aquarii... 


! Magm* 

j tildes. 


4 
V 

5 
7 

6 


71 

HI 

8 

91 


Colours. 


Yellow.. 

Greenish wlute. 

Yellow. 

White. 

White. 


Tied. 

Grape red. 
Ruddy. 

Palo red. 
Palo gurnet. 


IX. Outstanding Caws 

Ont of all the binary stars of which there is any record in Smyth's 
1 Celestial Cycle,’ there arc only eight which cannot be included in any 
of the five classes which have been dealt with. Fno of these are 
totally indeterminate on account of the absence of a statement of the 
colours; they are as follow :— 


Smyth's 

jib. 

Name. 

Magni¬ 

tudes. 

Colours. 

22 

A Ctwsiopeue .. 

6 


Colours 

not stated* 

491 

a Cams Minoris ... 

H 

• » 

Yellowish white 

s 1 

872 

36 Comas Boren u* is. 

5 

• * 

Pale yellow.... 

Indistinct, 

1053 

y Coronas Borealis. 

6 

s « 

Flushed nlute.. 

Uncertain. 

1308 

y Coronas Australis. 

6 

6 

• • 1 

• A 


The remaining three are as follow 


460 X Geminoruui.| 41 11 1 Brilliant white . Yellowish. 

035 > Leoni»... ,2 4 , Bright orange.. Greenish yellow. 

11H t Herculis.. 6 I Yellowish white Orange. 
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In the first of these, \ Geminoram, the companion has probably 
been added since the primary condensed, for wo cannot place the two 
components on curves which begin at the same point. 

With regard to 7 Leonis, there is a difficulty as to what spectrum 
should be associated with the greenish-yellow component, so for the 
present it cannot be stated whether both havo condensed from tho 
same nebulosity or not. 

We cannot include £ Herculis in Class 2, because tho difference 
between the magnitudes of tho two components is too groat, but we 
can ropresent the case by starting tho companion curve a little later 
than the primary curve. We may therefore conclude that wo have 
here to deal with an addod companion. 


X. Conclusion . 

From the foregoing lists and discussions it will ho seen that in 
nearly all cases the components of a binary can be shown with much 
probability to have had their origin in double nebula?. There are 
exceedingly few cases in which it seems fit all likely that the com¬ 
panion is an addition of a cometary nature, and it is possible that 
even those few exceptions may be duo to errors of observation. 

This, then, strengthens the view that in tho case of regular variable 
stars of Group II we are in presence of tho formation of a double star, 
at an early period in its history when the two swarms are at times, 
so to speak, in contact. When tho variability is not regular wo are 
in presence of the formation of a multiple system. 

I cannot omit to point out how very admirable the colour observa¬ 
tions must have been to stand the strain to which the foregoing 
generalisation has subjected them, and that if equal skill be now 
applied to observation of the spectra of these bodies, u considerable 
advance in our knowledge may be looked for. 


In the discussion included in this paper, I have been aided by 
Messrs. Fowler, Gregory, Baxamlall, Porter, and Coppen. Mr. 
Fowler made tho observations of the spectrum of the large air 
vacuum tube, and of the spectra of manganese nodules and iron 
spherules. He also classified tho binary stars, Mr. Coppen assisting 
him in preparing the tables. 

Mr. Gregory has been responsible for preparing the various tables 
in connexion with cornets and anrorm. 

Messrs. Baxandall and Porter have prepared most of the maps 
and drawings, for the careful reproduction of which I have to thank 
Mr. Collings. 

I wish, as before, to tender my thanks to them for tho unflagging 
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seal and the intelligence with which their part of the work has been 
performed. I must also specially thank Mr. Fowler for his collabora¬ 
tion in the preparation of the paper itself, and for supervising in part 
the work of the other assistants. 

In connexion with the diagrams, I havo to thank Sergeant Kearney, 
R.E., for reducing the working drawings, and also for preparing the 
lantern slides exhibited during the reading of this paper. 


Presents 9 January 10, 1889. 
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January 17, 1889. 

Professor G. G. STOKES, D.G.L., President, in the Chair. 

The Presents received were laid on tho table, and thanks ordered 
for them. 

The following Papers were read:— 

I. u A Method of detecting dissolved Chemical Compounds and 
their Combining Proportions." By G. Gore, F.R.S. Re¬ 
ceived November 14, 1888. 

(Abstract.) 

The method described and illustrated by examples in this research 
is an application of the 44 voltaic balance ” to the measurement of the 
amount of voltaic energy of electrolytes (see 4 Roy. Soc. Proc./ vol. 44, 
pp. 151 and 294), and is based npon tho general truth that 44 when 
substances chemically combine they lose some of their power of 
exciting a voltaic couple,’* and the amount of this power can be 
measured by means of the 44 voltaic balance." (Sketch.) 

The method is briefly as follows: Oppose and balance the current 
from a small voltaic couple of unamalgamated zinc and platinum in 
a known quantity of distilled water in a small glass vessel through a 
sufficiently sensitive galvanometer, by that from a perfectly similar 
couple, and take care by occasionally heating the platinum to redness, 
to avoid error cansed by absorption of hydrogen. 

Dissolve in separate, equal, and known quantities of distilled water 
a series of several mixtures of the two constituents A and B of the 
supposed compound, in the proportions of their atomic or molecular 
weights, and multiples of them, some buving an excess of A, and 
others of B. For instance, if both are monads mix them in the 
several proportions represented by the formal© 5A+4B, 4A+4B, 
and 4A+5B; but if A is a monad and B a dyad, then use the 
proportions indicated by 3A+2B, 4A+2B, and 5A+2B. 

Add sufficiently minute quantities in succession of one of these 
solutions to the water of one of the voltaic couples until the needles 
of the galvanometer visibly commence to move, and note the amount 
added. Recharge the vessel with distilled water, dean the metals, 
and repeat the experiment with another of the solutions; and so on 
until all the solutions have been tried, and the mixture has been 

TOIp. xlv. t 
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found of which the largest proportion is required to move the needles, 
that is the one which has the smallest proportion of voltaic energy, 
and which has its constituents chemically united in definite proportion 
by weight without an excess of either ingredient in a chemically free 
state. 

The following is an example. The combining proportion is the 
one which gives the sural lost amount of voltaic energy, and its 
formula is indioated by a star ( # ). 

K 3 S0 4 +KN0 s . 

Average. 

Between 1 part in Temp. X part in 

KNO]. 10,333 and 11,350 parts of water at 20° C.10,841 


KgSO, + 100KNO; 

163 „ 

182 


m 

2KbSO« + 5KNO,.. 

66 „ 

60 

18 

67 

2Kj80 4 + 4KNO,*. 

60 

64 


52 

SKjSO, + 8KNO a .. 

68 „ 

64 


61 

lOOKgSO, + KNO* ... 

870 „ 

976 

20 

922 

KrflO,. 

2,132 „ 

2,306 

12 

2,274 


The compound is represented by the molecular formula— 
KgS0 4 ,2KN0 a . 


By means of a number of suitable examples of this kind, the 
author shows that the dissolved substances unite together in the 
definite proportions by weight of their ordinary chemical equivalents. 
The results of several experiments indicate the existence of multiple 
combining proportion in a feeble degree. 

Evidence is given of the existence in solution of compounds 
represented by the formulas KCI,C1, —KBr.Br, and KI,I, and these 
results are confirmed by means of comparative colour measurements. 

The question of the limit of complexity of chemical combination of 
substances whilst in solution together in water is experimentally 
investigated, and although a definite compound was formed having 
the formula K s S0 4 ,16KN0 3l 4AmCl,2NaCl,8KCl,32LiCl, the limit of 
possible complexity did not appear to be nearly reached. 

With regard to the general question, does every electrolytic sub¬ 
stance when dissolved in water unite in definite proportions by weight 
with every other such dissolved substance P The author states that 
he has examined by the foregoing method more than 180 different 
mixtures of such bodies, but has not found one in which definite 
chemical union is not more or less clearly indicated by a minimum 
amount of voltaic energy, coinciding with the proportions of the 
ordinary chemical equivalents of the substances. The mixtures he 
examined included all classes of these substances, viz., of elements 
with elements; elements with monobasic, bibaaic, and tribasic acids; 
acids of all these classes with each other; elements with monobasic. 





1&S9.] Oh the Detection of dissolved Chemical Compounds . 267 

bib&sio, tribaaic, and tetrabosic salts; monobasic, bibosic, and tribasio 
acids with all these classes of salts, and all these salts with each 
other in similar great variety. And he concludes that the relation of 
voltaic energy to chemical combining proportion, as already stated, is 
a general one, and that every electrolytic substance when dissolved in 
water unites chemically in definite proportions by weight with every other 
such dissolved body , provided no separation of substance occurs. And 
that they unite to form compounds of apparently unlimited com¬ 
plexity. 

The method may be employed to ascertain the degrees of valency 
of substances, the basicity of acids, Ac. It may also be used to test 
the purity of soluble bodies, and (as previously statod) to examine 
the internal constitution of electrolytes; and the author is now 
using it for the two latter purposes. It is capable of extensive 
application; by it the state of union, whether chemical or of mere 
mechanical mixture (possibly also the relative strength of chemical 
union) of nearly every electrolytic substance soluble in water, 
alcohol, Ac., with every other such substance can be detected, pro¬ 
vided the substances do not precipitate each other, or corrode the 
platinum, and it would be easy to indicate a very large number of 
mixtures which might be so examined, and thus lead to the discovery 
of many definite compounds, probably thousands, which exist only 
whilst in eolation, and are decomposed on evaporating or crystallising 
the solution; he has already found more than 150. The author has 
also employed it for ascertaining the distribution of acids and bases 
when together in solution, and for measuring the rate of chemical 
change proceeding in aqneous solutions, and generally for investi¬ 
gating the chemical constitution of isomeric mixtures, or those 
having the same ultimate chemical composition. All these results 
have arisen from investigating the electromotive forces of simple 
voltaic couples. 

As an illustration of the application of the method to the examina¬ 
tion of the internal constitution of electrolytes, including that of 
isomeric mixtures, two instances are given in which two mixtures, 
possessing the same ultimate chemical composition, exert very different 
amounts of voltaic energy. 

In an additional note, dated December 27th, 1888, the author 
shows that although, according to J. Thomsen’s determinations, au 
aqueous solution of a molecular weight proportion of MgS0 4 , and 
one of KgtSO^ neither evolve nor absorb heat on admixture with each 
other, distinct evidence of their chemical union whilst in solution is 
afforded by measurements made with the 44 voltaic balance;” this 
difference may perhaps be explained by the different degrees of 
sensitiveness of the two methods. 
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II. “Relative Amounts of Voltaic Energy of Electrolytes.” 
By G. Gore, F.R.S. Received November 24, 1888. 

( Abstract.) 

In this research the author has determined by means of the 
“voltaic balance” the relative amounts of voltaic energy of npwards 
of 100 aqneons solutions of elementary substances, acids, salts, bases, 
organic substances, Ac., exerted by them upon a simple voltaic couple 
at ordinary atmospheiio temperature. 

The method of measuring the amount of energy of a substance 
was as follows: Take two small glass cupB containing known volumes 
of distilled water. Form two voltaic colls of them by means of strips 
or stout wires of nnumalgamated zinc cut from the same piece, and 
two small sheets of platinum, also cut from the same piece. Connect 
them together in series to a sufficiently sensitive galvanometer (say, 
one of from 100 to 1000 ohms resistance), so that tho currents from 
the two colls oppose each other, and produce no visible deflection of 
tho needles. This arrangement constitutes a “ voltaic balance,” and 
is extremely sensitive to change of chemical composition of the liquid 
in ono of tho vessels. Make an aqueous solution of known strength 
of the substance, and add it in sufficiently small quantities at a time 
to the water in one of the cups until the needle of the galvanomoter 
visibly commences to move, and note the proportion of the substanoe 
and of water then contained in that vessel. 

As the amount of energy required to move the needle is the same 
in all cases, the different numbers thus obtained with different Bub- 
stances represent the relative amounts of voltaio energy of those 
substances. And as eaoh substance or mixture of snbstanoes gives 
a different number, it is possiblo by this method to detect substances, 
to ascertain the degrees of strength or oonoentration of liquids, to 
ascertain whether a substance contains a soluble impurity, Ac. The 
method also is in many cases an extremely sonsitive one. 

The .names or formulae of the substances, together with their 
amounts of energy, are arranged in the form of a table as a volta* 
tension series of electrolytes, commencing with chlorine, whioh gives 
a plus number of +1,282,000,000, and ending with caustio potash, 
which gives a minus one of — 270,085, and a certain mixture of salts 
which gives —950,817. 
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III. “The Resistance of Electrolytes to the Passage of very 
rapidly alternating Current a, with some Investigations on 
the Times of Vibration of Electrieal Systems.” By J. J. 
THOMSON, M.A., F.R.S.. Cavendish Professor of Experi¬ 
mental Physics, Cambridge, Received January 9, 1SS9. 

The electromagnetic effect of the currents induced in a conducting 
plate by alternations in a primary electromagnetic system in its 
neighbourhood, is, at a point on the side of the plate opposite to the 
primary system, in the contrary direction to the electromagnetic 
effect of the primary. Such a plate, therefore, tends to shield off 
from a secondary system the induction due to the primary, the 
diminution it produces in the current induced in the secondary 
depending upon the conductivity and thickness of the plate and the 
rate of reversal of the primary current. If the rate of reversal is 
infinitely rapid, a thin plate of very badly conducting substance will 
be sufficient to screen off from the secondary circuit all tho ind action 
arising from the primary, while, if the rate is very slow, a thick plate 
of the best conducting metal will hardly be sufficient to do this. 
When tho current in tho primary is reversed a few hundred times 
per second, a metal plate of very moderate thickness will completely 
shield off all induction. If the thicknoss of the plate exceeds this 
limit, the currents induced in the layers next the primary will shield 
off all electromotive force from those layers winch are more remote, 
so that in these layers no currents will be formed, tho induced 
currents will thus be confined to the skin of the conductor, the thick¬ 
ness of the skin varying inversely as tho conductivity of the plate 
and tbe rate of reversal of the current. 

In Hughes’ induction balance tbis screening effect of metal plates 
is made use of to compare the resistances of two metals, but with that 
apparatus it is hardly possible to make the alternations sufficiently 
rapid to produce appreciable effects with substances which conduct 
so badly as eloctrolytos; wo can, however, by employing the vibrations 
of eleotrioal systems such as those used by Hertz in his recent ex¬ 
periments on the rate of propagation of eleotrodynamio action get 
oscillations sufficiently rapid to make the shielding effect of moderately 
thin plates of electrolytes quite appreciable. 

Before describing the experiments made on this point, we shall 
consider the theory of the screening effect of a slab of a conductor 
bounded by two parallel planes. Let us suppose that these planes are 
represented by the equations 8 = 0, x = — h ; let F 1( G lt H t represent 
the components parallel to the axes of x f y, s respectively of the 
vector potential on the side of the slab on which tbe primary system 
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is situated; F 3 , G ft , H 9 their values in the conductor, and F $ , G s , H s 
their values on the side of the slab remote from the primary system. 
Let 0 be the electrostatic potential, and let ns suppose that all the 
quantities vary as e*/ 1 ', then 


F = F' + 


v d<{> 
tp tlx 1 


0 — W+—-&, 

tp dy 

H = H’+-'-^, 

ip dx 


dF fKF dW 

dx dy ^ dz 


= 0 , 


where k is a constant which depends on the theory of cloctricity 
we adopt. If we assume Maxwell’s theory, v = 1, and as wo shall see 
reason later on for believing that v has always this value, wo shall 
henceforth in this investigation assume this value for it. F', G', H' 
represent transverse disturbances propagated in a dielectric with the 
velocity of propagation of electrodynamic action. 


Let 




1 (20 

G| = Ge l < flaf+6y+cs+ r f >+GV<" ax+6 y + " +Jp<> +— 

Hi == D,e‘< <ue+6 y +c * + r*>+D,V<" ,IJ!+fc r +ea+ ^)+— ^ 

11 1 ipds 




where the terms of the type represent tbo disturbance 

proceeding from the primary, and those of the type B 1 V (-<w+fr * +c * + r ( J 
the disturbance reflected from the plate. 

Let F 8 = B 2 e 1 < fl,,+6 y + « + rO-|-B )i 'e i <-«'*+*y+ff+rO+-L 

G s = + A. ^1?, 


H fi = Dge , t 0 ' x+6 J r+c,+ ^)+Dg , e l ^ a, * + ^ + « r+ ^>+ 


J_d0 
tp dx* 


1 <20 


h = B 8 e l < o *+ 6 * + « + *0+-~ -r, 


G s = C j8 ^, 


H. = D.e‘(“ +6 >'+o+i«)+— ^. 
* 5 tpdx 
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The boundary conditions are that F, G, H are continuous as we 
cross from one medium to another, that the magnetic induction at 
right angles to the bounding surface dG/dz—dH/dy is also con¬ 
tinuous, and that the magnetic force parallel to the surface, the com¬ 
ponents of which along the axes of y and z are respectively 


1 4 

fiH 

dF 


l dx 

dz 

1 

f dV 

dG 


l dy 

dx 


where fi is the magnetic permeability, Rhould also be continuous. 

Let us first consider the spocial case where the electromotive force 
is everywhere parallel to the conducting plate, as this is the case which 
is most important for tho interpretation of our experiments. In this 
case, B„ B/, B 2 , B/, and B a = 0, and we have, since G is continuous 
at the surfaco x = 0, 

C^+Cj' = c 8 +(y, 

sinco it is continuous at x = —A, 

C 3 <r inA = C 3 e** a#A +C 2 V a '\ 

since dQ/ftdx is continuous, wo have if /*' is the magnetic permeability 
of the plate, 

o(C 1 -C 1 ') = 4(C 3 -C 2 '), 

r 

aC 8 e - * 0 * = -^(Cge-^-0,'««»*). 

Solving these equations we get 


. 

.<»>• 

^7^{(“ + v) v -(7-) v “}. 

a \J' +a ) 

„ w r(‘ + ?L. (fi-J 


0 _ Of 


( 6 ). 
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There will be equations of exactly similar form connecting the D 
coefficients. 

Equation (2) may be written 


C, - £0+ { («‘+ y) e“**°') +^V“' +•--) } . 

and if the plate is so thin that ha! is small, this may be written 

C, = C^{.|(,VH"g)+l} . ( 6 ). 


Now the transverse disturbances satisfy in the dielectric equations 
of the form 

< 2 *F, J 3 F A <PF p* 

+ dy i + d* a * v** ’ 

where v is the velocity of propagation of the oloctrodynamic action; in 
the plate they satisfy equations of the form 

rPT <*F 

dx* + dy % + dz* — a dt 9 

where a is the specific resistance of the substance of which the plate is 
made. 

From these equations we see that 

a9+ y. +fl8=: |?, 


and a'3+^+c3=— 

a 

Now if the primary system is a circular coil whose plane is parallel 
to the plane of the plate, 5 and c will be of the order r/R, where R is 
the radius of the coil; hence if as in oar experiments 4np/<r is large 
compared with ir*/R?, we may put 

a ’i = I±i^P. 

9 

Since was small compared with b*+cP for the vibrations used! 
we have approximately 

a* = -(& 9 +o 9 ), 

and, therefore, a 9 is small compared with a' 9 ; hence from eqaation (6) 

wo get 
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or 


Cx/C s a-«* = l-^2 


%*dip .1 
✓(&'+"#)' 


( 7 ). 


But Ci/C 8 e -iaA is the proportion in which the electromotive force 
is reduced by the conducting plate; hence wo see that if this is 
considerable 2Wtp/ v / (fc 2 +c 3 )<r must be large, and in this case the 
reduction is proportional to the thickness of the plate, the number of 
reversals in the direction of the current per second, and the specific 
resistance. The term k 2 + c 2 will not change if tho primary remains 
undisturbed. We see from the above investigation that if with the 
same rate of reversal two different plates produce the same effect 
upon the induced current, their thicknesses must be proportional to 
thoir spooific resistances, or, in other words, the resistance of slabs of 
tho same area to currents parallel to their bounding surfaces must be 
the same. 

The above case is tho one that is most generally useful; there is no 
difficulty, however, in writing down the solution of the most general 
case when the vector potential is not assumed to be parallel to the 
plate. 

Using the same notation as before we have 

Ci+CV = C 8 +C' 2 , 

C 8 e-“* = C a e— J 
Dj + Dj' = d s +d;, 

JV" 1 ** = D a e“^+D s / c‘° /ft , 

«(B,+B 1 ')-a(D,-D 1 ') * ^(Bj+B^-^-D,/)}, 

b^+B^-aCCj-CY) = ~{6(B s+ B s ')-a'(C a -C 8 ')}, 

/* 

aD 3 e“‘*° = ■^{c(B s «-‘*“'+B s V‘“') 

fcBje -1 *®—aC 5 e" lAa *= i 7 {6(B 4 e-*»'+B g V A ‘0 
A* 


flEj+ftOj+fiDj ss 0, 

-aBZ+KY+cD/ » 0, 

a'Bj+bOj+eDj « 0, 
* 0, 
*■ 0 * 
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The flotations of these equations are 

6D,—cC, = (&D s -eC 8 )-^ { (a «*'*- (~a)V‘»'« } • 


6C 1 +cDj = (6C a + cD 3 )~ { ( 7 *+1) 2 e“'“- <y -l)*<r *'«}, 


where 


7* = 


4lTfltp 

tqpjv* 


From these equations wo can at once find C 3 and D 3 , and hence the 
screening effect of the plate; exactly the same conclusions Isold for this 
as for the special case previously considered ; if the screening effect of 
two plates is the same their thicknesses must be proportional to their 
specific resistance. 

The rapidly alternating currents, which in the experiments were 
screened by the plates, were those resulting from the electrical vibra¬ 
tions which are set up when the electrical equilibrium of a system is 
disturbed. We shall now proceed to give a somewhat detailed in¬ 
vestigation of the periods of such vibrations, as the ordinary expression 
for the time of vibration of a condenser, whose plates are connected 
by an induction coil, is not applicable to this case, and, in addition, I 
think the result of these investigations taken in conjunction with some 
experiments by Hertz, will enable us to decide the vexed question as 
to whether the currents flow like an incompressible fluid, und to show 
that Maxwell's hypothesis on this point is correct. 

The case Ve shall investigate is that of a straight wire connecting 
two spherical halls. Let us take the axis of the wire as the axis of z, 
and let F, G, H be the components of the vector potential, 0 the 
electrostatic potential. 

Then F = F’+— 

<p ax 


G 


tp dy 


where 


H-ff + ilj*. 

tp d* 

AT riG’ dS! _ 
die + dy + dt ~ U> 


and where v is a constant. According to Maxwell’s theory v = 1, 
while according to v. Helmholtz’s more general theory v =* &*>*, where 
a is the velocity of propagation of the electrostatic potential, and k 
a quantity which may be determined by the equation 
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dP iG a[H_ 
die dy dx ~ * dt’ 

On this theory v is also equal to 1 +■ - - whore * is a quantity such 

4)7Tff 

that th© effect of tlio polarisation produced in a parallel!pipedal 
element of dielectric by an electromotive force X may be represented 
by distributions of electricity of surface densities plus and minus e 
over the faces of the paraliolipipcdon at right angles to X. 

Let all the van able quantities be proportional to ed^s+pO. Then 
in the conductor since 

cflir <PH' _ 4rp dll' 

djfi dy 3 + da 2 a dt * 

where /i is the magnetic permeability and a the specific resistance of 
the conductor, we have 




c^fr. dm' 


or, since the axis of the wire is an axis of symmetry, if r bo the 
distance of a point in the wire from this axis 


and’if » 3 = w 3 +—, 

* a 

the solution of the equation is 

H' = AJ 0 (mr)c*«+i*>, 


where J 0 (jj) represents the Bessel’s function of zero order which is 
finite when 8 = 0. 

In the dielectrio surrounding the wire H # satisfies the differential 

equation 

d*H/ d g H f _ 1 d»ir 

+ dy* + dz* v* dt * ’ 


where v is the velocity of propagation of electrodynamic action 
through the dielectrio. Transforming this as before, this may be 
written 


, 1 dW 
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The solution of this is 


H' = 

where I 0 («) is the Bessel’s function of zero order which vanishes 
when x is infinite. Wo may by symmetry, since there is no current 
in a plane at right angles to the wire, put— 


where since 




dT d& + dW 
dx T dy ^ dz 


= 0 , 


and F*, O', H' all satisfy differential equations of tho same form we 
have in tho wire 

X = o(‘»r), 

and in tho dielectric 

X = -JeToO^. 


Again if «»and w' are tho velocities of propagation of the electro¬ 
static potential in the wire and dielectric respectively, we have in the 
wire 


0 « CJ 0 (*gr), 


where 



and in the dieleotrio 
where 


0 = m Q ( iq 'r), 

</'* = T. 


% 

Since 0 is continuous as we cross from tho wiro to tho dielootric, we 
have if a be the radius of tho wire 


CJ 0 (*7 a ) 355 DI o( t a ,fl ). (8), 

and since H is continuous, we have 

AJ 0 ( ma) — Blanca) * imC J 0 (<<ja).(9), 

where v and v are the values of w in the wire and dielectric respec¬ 
tively. Since F and G are continuous, we have 

—“5 *hAJ 0 '(*»o)+~*,CJ g'(*2a) - -5«BV(«a)+~Dt 2 'DI 0 '<« 2 '«), 
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or 

»{ Ajo'O"*)-® V0«*)} (10). 

Since the magnetic force parallel to the surface of the wire is 
continuous, 

ir d 

fildz dr dr J 
is continuous, and therefore 

* ,m ■ *«AJ 0 , (*»a) — ”i»AJ 0 '(wa) = BI 0 '(i*a)—i*BI 0 '(/*a), 

or AJ 0 '(^) ( ^^ = BV(««)^- S . (11). 


From equations (9) and (11) we get 


.. (.2), 


.I ft (<#ra) m 9 —n 9 *\ _ v f —v 
and from (10) and (11) we get 

{ 1- ^S^} = 7 ('V^ 

(13). 

Henoe, eliminating A and C from these equations, we get 


( , v f 1 (w 3 —n 3 ) 1 

» J 0 («na) Ip0«a) (m 3 -« g ) £ _ __ J_J. n(»t»-« 8 )/ 

«J 0 '(ma) V(“°) /•(’»*—'«*) » . I 0 , («g l a) _ mo J p'(<g<0 

8 W«) ? Jo(‘ 2 ») 

In the cases dealt with in these experiments the rate of vibration 
was so rapid that na was vejy large. In this case J 0 '(<na) = <J 0 (ma). 
If Maxwell's theory is true, the right hand side vanishes, since 
d = v 9 and we have 

in _ I 0 (mcn) 4nnpv* je 

m l 0 '(i*a) w 


or 


V(* fl ) ~ 


(W). 


The right hand side of this equation is very small, so « must be 
very small. In this case 

Ib(un») = log 7 **<i approximately, 
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where log 7 = 0*577—log 2, 

so that equation (14) becomes 

nfia log 7 «o = 


the solution of which (see 1 London Math. Soc. Pvoc.,’ vol. 17, p. 316) 


j _ PH_ . /l*»p _ C l—0 

4?r<; J a y o y poa*/* J 2trt»p 1 * 

Men./ 


and therefore 


«?=..??+J£L. 

0 s ^ 4)TO'tt 


rV- 


0 


( 1 -) 


, og [W{^}.] 


Thus in this case, since the second term on the right-hand side is 
small compared with the first, the disturbance is propagated along the 
wire with the same velocity as that of electrodynnmic action through 
the dielectric. The amplitude of the vibration will sink to 1/e of its 
original value after traversing a distance 




If, however, v '—v does not vanish, and if we suppose qa small, 
which will be the case unless the velocity of propagation of the 
electrostatic potential is exceedingly small compared with that of 
electrodynamic action, since in this case 


.. Wa) W-),_ 

1 I 0 (iga) ^ Jo(‘3 a ) «ilog(7(j«)’ 

and since —— ^is very largo compared with unity, equation (14) 
becomes, remembering that na is large, 


m I 0 (< ifa) j 4 viv* tc 
m l 0 r (iKa) op m 


4 Trtv 3 m(v*— p) 
op p* 


ta log 7 tqa 


....(16); 


and unless (p ~-v)jr be very small, the right hand side in this equation 
is very large compared with the first term on the left, and the equa¬ 
tion becomes 


IhQgg) k_ — 
r 0 l4«ca)m J 


ta log 7 iqa. 
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The right hand side is small so that tea will be small, and the equation 
to determine it 


tc*a log 7i*a == log 7 tqa, 


or 

jc 3 log 7 **a =5 log 71511 . 


The solution of this equation is approximately 



— 7 — log 7150 

(( 9__ 

log ^ 27 g m 9 u a ^-~ 7 —- log 7 *ga^ 


or say 

k® = — pm* 5 


but 

(C* = 


therefore 

M S (1+/J) , 



and the velocity of propagation of the diBtnrbance through the wire 
is p/m or v </{l + p). Since the imaginary part of m does not involve 
and a only occurs under the logarithm, the rate at which tho vibrations 
die away will in this case bo practically independent of the resistance 
and size of tho wire. Thus, unless Maxwell's theory is true, the rate 
of propagation of a very rapidly alternating disturbance through a 
conductor is not the same as that of the electrodynamic action through 
the surrounding dielectric; if p is positive it goes faster through the 
wiro than through the dielectric, while if p is negative it goes more 
slowly. Tho rate of propagation through the wire is almost though 
not quite independent of the size and conductivity of the wiro and of 
the rapidity of the vibrations. Thus, if it could bo pro\ed that the 
velocity of a disturbance through a conducting wire differed appreci¬ 
ably from tho velocity of electrodynamio action, and that tho rate at 
which the vibrations die away did not depend upon the resistance, it 
would be sufficient to show that Maxwell’s assumption is untenable* 
Hertz’s experiments would seem to show that the rate of propagation 
through a metallic wire is less than that of electrodynamio action 
through the dielectric; but 1 believe he has lately found that the 
former rate increases rapidly with rapidity of the vibrations, which is 
inconsistent with the above result, if v* and v are independent of p. 
No experiments seem to have been made on the rate at which the 
vibrations die away, though this would be one of the best ways of 
distinguishing between the theories. 
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If we suppose that the rate of propagation of the electrostatic 
potential is exceedingly small, q and q f will be very large, so that 
unless v'q =s pq t the denominator of the right hand of (15) will be 
exceedingly large, so that the case is the same as when v = v, and 
therefore the rate of propagation of a disturbance through a wire the 
same as that of eleotrodynamic action through air. 

We shall now investigate tho time of vibration of a systom con¬ 
sisting of a straight wiro connecting two spherical balls. Let us 
take tbo middle of the wire as the origin, and Buppose that the flow 
of electricity is symmetrical about this point; at points equidistant 
from tho origin the electrostatic potential will be equal and opposite. 

Using the same notation os before, lot 

<j> ss C(e tMU —J 0 (iQfr) in the wire, 

= D^**—e“*»* )c*p 4 I 0 (c q'r) in the dielectric, 


H = 4* — ^in the wire, 

tp dm 

= B(e t »«-he-‘ ala )fl‘P e I 0 (ixa) + IL ^ in the dielectric. 

ip az 


If w is tho intensity of the current parallel to the axis of z t 


<rw 




as — A<p(e*^+J 0 (mr) —(r—lJCowC^+fl-*"*) 

^JoOffr). 

The quantity of electricity Q which has passed across any section 
at right angles to the axis is given by 

ss f 2wrrdr, 

^ Jq 


since 


«PJ 0 (mr) , 1 (W„(<nr) _ 

—*r-+f— 3?“ * ^ J o ( wr )* 


f 


rJ 0 («r)dr = l-amJ 0 '(mo) = -j~ J 0 '(«w)» 


we see that 


m -2rA«p(^“ + ^ J 0 (ma ) 

—(t>—l)2*C4*»(« n, “-n - ‘" , *)«** -ij 0 ’(tga). 

t 
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If the ends of the wire are given by s = + Z, the rate at which 
electricity flows across the end is given by 


ss 2 A aX cos ml e'p* J 0 '(mo) — (*—1) 2C , — cos ml e^Ji/Oga), 
at n q 

or by equation (13) 



m 


f , , 1 0 '(ig'a) 

l ^(m 3 —fc 8 ) / 


Ju(<?®)—•’J^O‘(*9°) } 


— (v—l)4jrCH<~c*^cos mZJo'Ogfl) ; 


if, however, « is the capacity (in electromagnetic measure) of the 
condenser at the end z ss l 


Q as *C(e twi —r“ im/ )e l ^J 0 (^a) ; 
bo that « = aatpG( e 1 "** — e~ ‘ m, )e‘P t J 0 («ja) 


= — 2*ffpsinmZ Cc^J 0 (*ga). 


Equating these expressions for a ^ we get 


—2aop sin mi Ce^'J^ija) = — 


— rq JJOqa) | — 47r(v-»l)^^L 1 ^ cos ml 


Since 


Wi 3 —« 9 _ 4svtp 

k 2 ) “ "* -F ’ 


it u very large compared with unity, and if qa and q'tt are email, 
, , W«) Jo'(*?«) _ » 

v * a WM 2 - WiWV 

and 2 ^222 = -iaV 

q i 9 (iqa) 


VQL» XLV. 


V 
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This equation (17) redaces to 

—tan ml as ■——- — ——.... (18), 
log (rg'a) op 

if o = l, that is, if Maxwell's theory is true, 

2 v**m tanwiZ = —.— 7 ^- TV 
log ( V q a) 

Now v*x is the electrostatic measure of the capacity, so that if wo 
denote this by {*}, 

ml tan ml = -jrr-n— ViVT - rr • 

2 {«} log (I /7 go) 

The form of tho solution will depend upon the magnitude of 
1/2 {«} log (l/vg'a). If this is small then ml will be small, and we 
hare 

—_ l __ 

~ 2{«}io s(Wq'*y 


*/2 1{»\ log(l jyma) 1 


since, if Maxwell's theory bo true, q' = m. 

This result, however, is only true when l is not large compared 
with a, in this case ml tan ml will be large, and m therefore will be 
approximately £?r, and so on. Thus in this case the ends of the 
wire are nodes of the electrical vibrations, and the gravest mode of 
vibration is that in which the wave-length is twice the length of the 
wire; here the wave-length, and therefore the rapidity of vibration, 
will be independent of the capacities of tho condonsers at the ends. 

If v-1 is finite, sinco the second term on the right hand side of 
equation (17) will in this case be largo compared with the first, sinco 
pa*/o is large, the equation reduces to— 


tv 3 *m tan ml 


(*—l)m 9 a s wV 
op 


or since p =: 

i[a}mta,aml 


(v—1 )pa*w 


Now in the cases we are considering pira 3 /o is very large, amount¬ 
ing to 10* or 10* in the C.G.S. system of units, so that unless {«} is 
comparable with 1/10 of a microfarad ml will equal r/2, the ends of the 
wire will again be nodes, and the wave-length of the gravest vibra¬ 
tion will be twioe the length of the wire. Thus in this oase, except 
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the capacity of the condenser were exceedingly large, much greater 
than that requisite for the same purpose in the preceding case, the 
time of vibration would be independent of the capacities of the ends j 
and conversely, if we could prove that the time of vibration depends 
upon the capacity, we should prove that p = 1. Now Herts in his 
experiments seems to have boon able to bring two circuits into 
resonance by altering the capacity of the ends, though these capa¬ 
cities were exceedingly small compared with 1/10 of a microfarad. 
This, therefore, is exceedingly strong testimony in favour of the 
truth of Maxwell’s theory, at any rate for conductors. 

[Note added February 15, 1880.—We can find the ratio of r x to v 2 , 
the values of v for a dielectric and conductor respectively, by con¬ 
sidering the reflection of an electromagnetic disturbance at a metallic 
surface. Using the notation of the beginning of the paper, let the 
incident waves of the vector potential be expressed by 

F' = Ae^ rtx-, '^ +c *), 

O' ss 

H' = Ce*<«+*y+«); 

the reflected waves by 

F, f = AV<“°* +6 * +c *\ 

G / as BV <“ rt * +6 * +r *> 1 
H/ = CV<-«+**+«>. 


Then assuming that 4? rptpfa b* + <? are largo compared with 
we find— 



B' + B = 


SC^IA 




C' + C 


h 

V(b*+<?) ' 


Thus the electromotive force parallel to the surface of the reflector 
does not vanish at the surfcce unless ^ = p v Hertz (* Wied. Ann.,* 
34 , 615) found that when the plane of the secondary circuit was 
parallel to the reflecting surface, the sparks vanished at the reflecting 
surface, thus showing that r x is at any rate small. The method 
founded on the law of decay of the vibrations is more delicate, as it 
shows whether ot not (v 9 — is small and no is a large quantity.] 

lit the above work we have assumed that qa is small, but if qa be, 

jj 2 
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large, as wouid be case if the rate of propagation of the electro¬ 
static potential were exceedingly small compared with that of eleotro- 
dynamic action, the first term on the right hand side of equation (14) 
would bo vory large, so that in this case again tan ml would be large 
and ml = \ir approximately, and the same atguments would apply 
as in the rase when p—1 was finite. 

If v ss 1 for all substances, then since the electromotive force 
parallel to the axis of a* is — dF/cJt— dtfrjdx, and since F = F' + tf0/<£r. ip, 
the x component of the electromotivo force is —dF’jdt. Similarly, the 
y and z components are —dO'/df, —dK'/dt. Thus the electromotivo 
force is propagated with the velocity of the transverse vibrations (see 
“ Koport on Klectrical Theories," 4 Brit. Assoc. Report,* Aberdeen, 1885, 
p. 138), and since F', G', 11' satisfy the solcnoidal condition, there is 
no condensation. 

The rate of propagation of a disturbance through a conductor is 
ouly eqnal to that of the eloctrodynamic notion through a dielectric 
when logp^v’/w/jt; 3 is small, and though this will be so for the 

rapid vibrations we are dealing with when the conductor is metallic, 
it would not be ho if the conductor were a dilute electrolyte or a 
rarefied gas. In this case the rate of propagation of the disturbance 
through the conductor would not be the same as that through the 
dielectric. In this case the action propagated along the conductor, 
and that propagated through the dielectric, would when they met 
interfere and set up standing vibrations, so that along the conductor 
there would bo a series of stationary nodes at which tho current 
vanished, in other words, the current along the conductor would be 
striated. In the discharge of electricity through rarefied gases we 
havo the current passing through a conductor of high resistance, and 
it seems possible that the stnations which are observed in the case 
may be due to the interference of the disturbance propagated through 
the conducting gas and that passing through the dielectric. The 
widening of the stri© on rarefaction, and on increasing the diameter 
of tho discharge tube, are consistent with this view. 

The resistances of the electrolytes to the very rapidly alternating 
currents were compared in the following way :— 


A, B, C are three coils, two of which (B and G) are approximately 
of the same dimensions, and are nearly but not quite closed. Sphe¬ 
rical balls arc fastened to the ends of these coils. The two balls of 
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the coil C are supported in an ebonite frame provided with an 
ebonite screw, by means of which the two hills cau be brought very 
near together and kept bo as long as is necessary. 

The coils B and G are placed on shelves of glass coated with 
shellac. The shelves are supported on a framework with supports at 
different levels, as in an ordinary book-case, bo as to enable the dis¬ 
tance between the primary and secondary coils B and G to bo altered 
if necessary. The coil A. is connected to an induction coil which, 
when in good order, will give sparks 5 or 6 inches long. The coil is 
worked by a slow mercury break, the speed of which can be regu¬ 
lated by altering the inclination of the arms of a fan whoso motion 
resists that of the break: in the actual experiments the circuit was 
broken every few seconds. When the coil works spat ks pass between the 
points e and j\ electrical vibrations are started in the coil B ; in other 
words, there are alternating currents in B whose period is that of its 
electrical vibration, and given by equation (18). The currents in B 
will induce currents in G, and these latter will be rendered evident 
by the* production of a minute spark between the two balls at its 
extremities. These sparks, though small, are so bright that they can 
bo readily observed without darkening the room. 

The production of sparks in the secondary circuit is much affected 
by what are, apparently, slight alterations in the conditions of the 
primary. Thus, for example, it is very much facilitated by placing 
the balls of a pair of discharging tongs between e and/,and allowing 
the spark to jump from e to the discharging tongs, and then flora the 
discharging tongs to /. This change did not seem to bo due to the 
resonance between the coils B and C being improved by the presence 
of the tongs, for unless they were placed in the way of the spark they 
produced no effect; again, it was not altogether due to an iuemtse in 
the quality of electricity which passed from A to B at ouch discharge, 
as this was measured by placing n specially insulated galvanometer in 
the circuit, and it was sometimes found that- the quantity of elec¬ 
tricity which passed when the tongs were not interposed and when no 
spark was produced in the secondary circuit, was greater than the 
amount which passed when the tongs were interposed and when 
sparks were prodneed. The character of the spark which passes 
between A and B has also great influence—the best sparks are those 
which are perfectly straight, and accompanied by a sharp snap; sig- 
sag sparks in the primary very rarely produce any sparks in the 
secondary. 

A conducting plate placed between B and C ought, as we have seen, 
to diminish the induction between them, and therefore the eleotio- 
motive force in the circuit C, and since the diminution in the induction 
increases with the rapidity with which the current in the primary is 
reversed, it ought in this case to be very marked. This was found to be 
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the case; thin sheet metal and tin-foil when placed between the coils 
were found to completely btop the sparks in G. I then coated a plate 
of glass, which of itself had no effect upon the sparks, with a film of 
Dutch 'metal About ttW of n centimetre in thickness, and found 
that it completely stopped the sparks, and I hare not been able to get 
a film of metal thin enough to allow sufficient induction to pass 
through to produce sparks in the secondary. 

This is in accordance with the results of our investigation on the 
screening effect of conducting plates, for we Baw by equation (7) that 
when a screen of thickness h was interposod the electromotive force 
is only 

•>/ (Ifi+cP)* 

"ivhp 9 

when 0 is the conductivity of the metal. 

Since the electromotive force in the plane of the screen, which is 
taken as the plane of yz , is of the form 

£ cos hy cos cz , 

</(b 9 + r 2 ) will be of the order 2v/R where R is the radius of the primary 
coil; several coils were used whose radii varied from 13 to 23 c., so 
that y/ilP+c 7 ) will be of the order 1/2. The length of the coils 
varied from 81 to 140 a, and the balls at the extremities from 1 to 
2 c. in diameter, so that the length divided by the capacity is large, 
and, therefore, by equation (18) the wave-length will be twice the 
length of the coil, or for the largest coil about 3 metres; thus p will 
be about 2r x 10 s , and if we suppose the film is of a millimetre 
thick, h will bo 5xl0‘* we may take 0 to be 10*. A film of this 
kind will, by the above formula, diminish the induction about 800 
times, and we should, therefore, not expect the electromotive force 
acting on the secondary to be sufficient to produce sparks. 

A thick plate of ebonite was next placed between the coils but did 
not produce any appreciable diminution in the sparks in the secondary; 
thus ebonite, though opaque to vibrations as rapid as those of light, 
still allows vibrations of which 10* take place in a second to pass 
through without interruption. 

The effect of interposing a film of electrolyte was next triod. A large 
square glass trough was placed between the coils B and 0 and oaref ully 
levelled, the electrolyte was then poured in; when only a very small 
quantity of electrolyte was in the trough the sparks still passed, but 
they got feebler and feebler as the quantity of electrolyte in the trough 
increased, until finally, when the electrolyte was dilute sulphuric acid, 
they ceased altogether when the depth otthe electrolyte in the trough 
amounted to 3 or 4 millimetres. The criterion adopted for the dis* 
appearance of the sparks was to allow 60 sparks to pass into the 
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primary, stopping and starting the ooils several times; if, during this 
time, no sparks passed in the secondary, the sparks were considered 
stopped. A variation o( 5 per cent, in the quantity of electrolyte 
present would cause the system to pass this point one way or another 
in a marked way. 

The balls at the extremity of the secondary were adjusted so that 
sparks passed freely before the electrolyte was put in, after each ex¬ 
periment the electrolyte was removed, and caro was taken to ascertain 
that sparks still passed as freely as before ro as to guard against any 
accidental disarrangement of the secondary during the experiment. 

Three sets of coils were used which we shall describe by I, IT, III. 
Set I consisted of two circular brass coils, 140*8 c. in circumference. 
The diamoter of the brass rod of which they were made was about 
0*6 c.; the balls at the extremities were 2 c. in diameter. The time 
of vibration of this coil, calculated by equation (18), is about 10“ s 
seconds. 

Set II consisted of two circular copper coils 81*2 c. in circumference, 
the rod of which they were made being about 0*5 o. in diameter; the 
balls at the extremities were 1 o. in diameter, The time of vibration 
is about 5xlO~* seconds. With these small coils the balls of the 
secondary had to be exceedingly close together in order to get sparks, 
but when the micrometer screw was properly adjusted the sparks were 
very bright and the indications quite definite. The coils were about 
0 o. apart. 

Set III consisted of two rectangular coils made of sheet lead, one 
side was 30 c. v the other 40, the breadth of Ihe sides was 5 c., and 
the diameter of the balls at the extremity 2. The distance between 
the coils was 15 o. The time of vibration about 10~* seconds. 

The electrolytes used were solutions of— 


Sulphuric acid, specific gravity of solution. 

Ammonium chloride „ „ . 

Sodium ,, ,, ,, *....*« 

Potassium „ „ „ . 

Ammonium nitrate „ „ . 

Potassium carbonate „ „ . 


1*175 

1072 

1*185 

1*155 

1*175 

1*280 


In the following table the relative thickness of the films of these 
substances required to stop the spark is given, each number being the 
mean of several observations. The thickness of the H 3 S0 4 film was 
taken as unity. An observation with sulphuric acid was made before 
and after the observation with any other electrolyte. 
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1 

! 

. 


NU 4 CI. 

NaCl. 

KOI. 

NH4NCV 

K*CO|. 

Coil I . 

1 



2 ‘5 

1*6 

3*1 

Coil 11. 

1 



3’8 

1 '9 

81 

coiim. 

1 



3 2 

20 

3'3 

Moan. 

1 

1 r>3 

2-55 

3*0 

1*8 

3*2 

Relative resistance 

I 






with very slow 
reversal. ...... 

} 1 

1 '65 

3-0 

3*4 

1*8 

2*8 

1 


The thicknesses of the films are by equation (7) proportional to the 
specific resistances, so that the numbers in the fourth line give the 
relative resistance of the electrolytes to currents whose directions are 
reversed from lU tt to 2 x I0 ft times per second. In order to see 
whether these resistances are the same as those with an almost 
infinitely slower reversal, I determined the resistance of the electro¬ 
lytes by using a commutator which rovorsed the curront through the 
electrolyte ul>out 120 times a second, and kept the direction of the 
current through tho galvanometer constant. The electrodes were 
platinised, and no polarisation could be detected. The numbers are 
given in the last line of the above table, and agreo sufficiently well to 
enablo us to say that the relative resistance of electrolytes is the same 
when the currant is reversed a hundred million times a second as for 
steady currents. 

It was not possible to compare iu this way tho resistances of electro¬ 
lytes and metals, as the thinnest metallic film which could be obtained 
was evidently much thicker than was necessary to completely stop all 
induction. I succeeded, however, in comparing by this method the 
resistances of graphite and sulphuric acid. The graphite film was 
prepared by placing a sheet of glass at the bottom of a trough filled 
with water, holding a large quantity of finely powdered graphite in 
suspension; after the graphite had deposited itself uniformly on the 
glass plate, the water was syphoned off, and the graphite film allowed 
to dry gradually. When quite dry it was hard and compact, and 
could bo rubbed down by emery to any required thickness. By 
diminishing the thickness of the film and adjusting the distance 
between the coils, a film of graphite was obtained which just stopped 
the sparks; a film of H 8 S0 4 was then substituted for the graphite, 
and its thickness adjusted until it, too, just stopped the sparks. In 
this case, by formula (7) the resistance of equal and similar areas of 
the two films to currents parallel to their surface must be the same, 
the currents being reversed 10 8 tiroes per second. I determined the 
resistances to steady currents parallel to the surface, and found that 
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the resistance of tho graphite Him was 6 7 ohms, and that of the 
sulphuric acid 7*2 ohms; thus we may say that the ratio of the specific 
resistances of graphite and sulphuric acid is the same when the 
currents are steady as wheti they are reversed 10 H times per second. 
Since the ratio of the resistances of such dissimilar things as graphite 
and electrolytes remains the same, we may conclude that the resistances 
themselves remain unaltered. The method described above for com¬ 
paring the resistances of oloctrolytes is one that can be very easily 
mid quickly applied, and only requires the simplest apparatus: an 
induction coil, or, if that is not available, an electrical machine, being 
all that is required. Tho method has the advantage of avoiding the 
uso of electrodes, as all the circuits in tho electrolyte arc closed. 

Since electrolytes are transparent, they must, if the electromagnetic 
theory of light is true, act as insnlators when the currents arc reversed 
as often as light vibrations, or about 10 u times per second. Wo have 
seen, however, that they conduct as well wkon the currents are 
reversed 10 8 times a second as when they are steady; thus the molo- 
cular processes which cause electrolytic conduction must occupy a 
time between 10 -8 and 10“ 15 seconds. 

Another point which can be settled by this method is, whother a 
vacuum is a conductor or an insulator. According to one view the 
great resistance which a highly exhausted vessel offers to the passage 
of electricity is due to the difficulty of getting the current from the 
electrode into the rarefied gas : when once tho current has got thore, 
there is, according to this theory, no further resistance to its passage : 
if this theory is correct, a highly exhausted receiver placed between 
the primary and secondary circuits ought to stop the sparks in the 
latter, as since all the circuits are closed there ought to be no obstacle 
to the passage of the induced currents. In order to tost this I took 
a box, 50 c. by 50 o. by 4 c., the top and bottom of which were sheets 
of plate-glass fitting into wooden sides; the shoots of glass were also 
supported by five ebonite pillars placed at equal intervals over their 
surface. The box was repeatedly dipped iuto a bath filled with 
melted paraffin until it was surrounded by a coating of paraffin about 
2 o. thick. The paraffin was then smoothed over with a hot soldering 
iron, and then covered with a layer of shellac varuish. The box was 
then exhausted by a mercury-pump, and it was found that the pres¬ 
sure could he reduced to about 1 mm. of mercury, but no further. 
When this vacuum was placed between the primary and secondary 
coils it did not produce the slightest effect upon the sparks, so that 
its conductivity must be very small indoed compared with that of the 
electrolytes used in the preceding experiments. I am having an 
earthenware vessel made with which I hope to repeat tho experiment 
at much higher exhaustions. 

I also tried whether the conductivity of the elootrolyte was altered 
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by eenditig a current through it; for this purpose a layer of sul¬ 
phuric acid was placed between the primary and secondary coils of 
such thickness that it almost but not quite stopped the sparks in the 
latter; a current of about 2 amp&ros, which was reversed about MO 
times a second, was then sent through the sulphuric acid, but the 
passage of the current did not seom to produce any effect whatever 
upon the sparks in the secondary. I conclude, therefore that the 
resistance of an electrolyte is not affected by the passage of a current. 

1 wish to express my thanks to my assistant, Mr. E. Everett, for 
the zeal and skill he has displayed in these experiments. 

[Note added February 15,1889.—I have recently tried the effect of a 
very high vacuum in stopping the sparks. The primary circuit con¬ 
sisted of two straight wires with spheres fastened to one end of each; 
these wires were connected with the poles of an induction coil, and 
the sparks passed between the spheres. The secondary consisted 
of two similar wires, with smaller balls at the ends, the distance 
between the balls being very small. The length of the wires of the 
secondary was altered until it was in resonance with the primary. 
The secondary was placed in a hollow cylinder formed of two coaxial 
glass tubes, sealed on to a mercury pump, by meanB of which a very 
high vacuum was obtained in the Bpaoe between them, which sur¬ 
rounded the secondary. This vacuum, however, did not produce the 
slightest effect on the sparks.] 


Presents , January 17, 1889. 

Transactions. 
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Jahreshericht. 1887. 8vo. Breslau 1888. The Society. 

Brisbane:—Royal Society of Queensland. Proceedings. Yol. V. 

Parts 1-8. 8vo. Brisbane 1888. The Society. 

Dublin:—Royal Irish Academy. Proceedings. Ser. 3. Yol. I. 
No. 1. 8vo. Dublin 1888; Transactions. Yol. XXIX. Parts 
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Edinburgh:—Geological Society. Transactions. Yol. Y. Part 4. 
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Falmouth:—Royal Cornwall Polytechnic Society. Annual Report, 
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Hermannstadt 1888. The Verehi. 

HertfordshireHertfordshire Natural History Society and Field 
Club. Transactions. Vol. V. Parts 2-3. 8vo. London 1888. 

The Society. 

Kew:—Royal Gardens. Bulletin of Miscellaneous Information. 

July to Docember, 1888. ttvo. London , The Director. 

Leipsio:—Konigl. Sachs Gesellschaft der Wissenschaften. Bericlit 
tlber die Verhandlungen (PhiloL-Uistor. Classe). 1888. Nob. 
1-2. 8vo. Leipzig . The Society. 
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American Chemical Journal. Vol. X. Nos. 4-6. 8vo. Baltimore 
1888. The Editor. 

American Journal of Mathematics. Vol. X. No. 4. Vol. XI. 

Nos. 1-2. 4to. Baltimore 1888. The Editors. 
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New Haven. The Editors. 

Analyst (The) July to December, 1888. 8vo. London . 

The Editor. 

Annalen dor Physik und Chemie. 1888. Nos. 8-12. 8<ro. Leipzig ; 

Beiblatter. 1888. Nos. 6-12. 8vo. Leipzig . The Editor. 
Astronomie (L*) Juillet—Decembre, 1888. 8vo. Part*. 

The Editor. 

Athenceum (The) July to December, 1888. 4to. London. 

The Editor. 

Builder (The) July to December, 1888. Folio. London . 

The Editor. 

Chemical News, July to December, 1888. 4to. London. 

Mr. W. Crookes, F.R.S. 

Cosmos. Juillet—D4cembre, 1888. 8vo. Paris. 

M. L'AbW Valette. 

Educational Times (The) July to December, 1888. 4to. London. 

The College of Preceptors. 
Electrical Engineer (The) July to December, 1888. Folio. London. 

The Editor. 

Electrical Review (The) July to December, 1888. Folio. London . 

The Editor. 

Electrician (The) July to December, 1888. Folio. London . 

The Editor. 

Industries. July to December, 1888. 4to. London. 


The Editor. 
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Journals {continued), 

Moteorologische Zeitschrift. July to December, 1888. Small folio. 

Berlin . Oesterroichische Gesellschaft fUr Meteorologie. 

Morskoi Sbornik. 1888. Nos. 6-11. 8vo. St. Petetsbarg. 
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New York Medical Journal. July to December, 1888. 4to. New 
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The Editor. 


The Sun’s Surface as observed by James Nawmyth, June 5th, 1864. 
Photographed from the original drawing. Mr. Nasmyth. 


January 24, 1889. 

Professor G. <x. STOKES, D.C.L., President, in the Chair. 

The Presents reccivod were laid on the table, and thanks ordered 
for them. 

i The following Papers were road:— 


L “On the Influence of Carbonic Anhydride and other Gases 
on the Development of Micro-organisms.” By Percy F. 
Krankland, Ph.D., B.So. (Loud.), F.I.C., Absoc. Roy. Sch. 
of Mines, Professor of Chemistry in University College, 
Dundee. Communicated by Professor T. E. Thorpe, 
Ph.D., F.R.S, Received December 18, 1888. 

In consequence of a paper which haB appeared in the last number 
of the ‘ Zeitschrift fur Hygiene/ by Dr. Carl Fronkul, entitled “ Ueber 
die Einwirkung der Kohleusaure auf die Lebensthatigkeit der Mikro- 
org&nismen,” 1 have been led to publish the results of some prelimi¬ 
nary experiments on the same subject which I made in the spring of 
1886, but which, owing to my attention being at that time devoted to 
investigations in other directions, I was obliged to put on one side. 
Although the methods which 1 adopted in my experiments are essen¬ 
tially different from those which Frankel has employed, yet the results, 
40 far as they can be compared with his, are on the whole concordant. 
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In my experiments I used the ordinary methods of plate-cultivation 
(Esmaroh's important modification having not yet been published), 
the plAte-cultivations of the various micro-organisms being then sub¬ 
mitted to an atmosphere of different gases in the following manner: — 
A suitable attenuation of a particular micro-organism was employed, 
and gelatine plates were poured in the usual way; the different plates, 
resting one above the other on small glass stages, were placed in a flat 
porcelain dish and coverod over with a glass bell-jar. Mercury was 
then poured into the dish, thus forming an effectual seal, and sterilised 
water was poured on to the surface of the mercury. The weight of 
the bell-jar causes it to sink to a certain depth into the mercury, ro 
that the damp-chamber is in reality cut off from the external air by 
the mercury, and not by the sterilised water. A piece of sterilised 
india-rubber tubing is then introduced beneath the mercury, and a 
current of any particular gas can he passed into the chamber, the 
excess of gas escaping at the edge of the bell-jar through the mercury 
and water. 

After the air has been driven out of tho chamber in this manner, 
and replaced by any given gas, the tubing is removed, and tho dish is 
kept at the requisite temperature, which in my experiments was 
about 20° C. 

The particular micro-organisms which I used in these experiments 
were (1) the Bacillus pynryaneus, (2) Koch's Comma Spirillum, 
(3) Finldere Comma Spirillum, which were procured from tho 
Hygienic Institute in Berlin. The different organisms were obtained 
in a suitable degree of attenuation by mixing them with sterilised 
water, from which a definite quantity was taken and gelatine plates 
poured. 

In each experiment one plate was placed in a damp-chamber con¬ 
taining ordinary air, whilst a socond was exposed in a similar chamber 
filled with the particular gas under examination. After tho lapse of 
an adequate period of time admitting of their development, tho 
colonies were counted in both cases and the results compared. 

I. Experiments with Hydrogen. 

The hydrogen was generated in a Kipp’s apparatus by the action of 
dilate sulphuric acid on sine; it was purified by passing it through a 
saturated solution of caustic soda, and was then conveyed through a 
sterilised piece of india-rubber tubing and a sterile plug of cotton¬ 
wool into the damp-chamber containing the inoculftted gelatine 
plates. The following results were obtained in the use of this 
gas:- 
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(a.) With B. pyocyaneus (Green Pas). 
1st Experiment (March 4th, 1886). 


Air-plates 
(aitor 2 days). 

Number of colonies from f (o.) 22,4121 gg kqq 
1 o.o. of the mixture.. \ (6.) 22,651 / 


H-plates 
(after 4 days). 

11,500 


The appearance presented by the plates developed in the hydrogen- 
chamber and those developed in air was very different. On the 
former the colonies were decidedly larger, less sharply defined, fainter 
in colour, and of more radiated structure than those on the air- 


2nd Experiment (March lltb, 1886). 

Air-plates II-plntas 

(after 5 days). (after 7 days). 

Number of colonies from f (a.) 15,5151 , 7 2 nn (a'.) 12,3651 « qqo 

1 e.c. of the mixture.. I (6.) 18,950 / ^ ^ 1 (&'.) 12,262 / ’ 

The hydrogen-plates again showed the characteristic appearances 
mentioned above, many of the surface colonies having reached a 
diameter of 1 cm. 

3rd Experiment (March 29th, 1886). 

Air-plates H-plates 

(after 4 days). (after 7 days). 

Number of colonies from 1 c.c. 
of the mixture. 6124 5600 

In this case again the hydrogen-plates had the same characteristic 
appearance, the colonies on the surface being surrounded by a com¬ 
plete circular zone which exceeded by many diameters the original 
size of the colony. 

From these experiments it is seen that the development of the 
Bacillus pyocyaneus is only slightly affected in an atmosphere of 
hydrogen; the colonies, however, grow more slowly and present a 
distinctly different appearance. 

(5.) With Koch's Comma ISpirillum, 

1st Experiment (March 15tb, 1886). 

H-plates 

Air-plates. (after 7 days).. 

Number of colonies from f (a.) 4183 (after 4 days) (a*.) 6767 

1 c.c. of the mixture #. \ (6.) 4440 (after 5 days) (fc\) 8260 

The colonies on the hydrogen-plates were smaller than those on the 
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air-plates, and they did not exhibit the characteristic depression on 
the surface of the gelatine. 

2nd Experiment (March 29th, 1886). 

Aip-pktoB H-platof 

(after 4 dayn). (after 7 day*). 

Number of colonies from 1 c.c. 

of the mixture... 100 110 

The vitality of Koch's comma spirillum is therefore in no way 
affeoted by exposure to an atmosphere of hydrogen, although its 
development into colonies is considerably retarded. 

(c.) With Finkler's Spirillum . 

1st Experiment (March 15th, 1886). 

Air-plat ea TT-plat es 

(after 4 days). (after 7 days). 

Number of colonies from 1 c.c. 
of the mixture. 12,107 6726 

The colonies on the hydrogen-plates had the appearance of small 
milky dote, and c&nsed in many oases a depression on the surface of 
the gelatine; they resembled, in fact, very young colonies on an ordi¬ 
nary plate oultnre of these spirilla. 

In An atmosphere of hydrogen it would appear that of the three 
organisms with which I have experimented Koch’s comma spirilla 
were the least prejudicially affected in their vitality. 

II, Experiments with Carbonic Anhydride . 

The gas was prepared in a Kipp's apparatus by the action of dilute 
hydrochloric acid on marble, and purified by passing it first through a 
saturated solution of oarbonate of soda and then through a sterilised 
plug of cotton-wool. 

The same three micro-organisms were submitted to experiment in 
the manner previously described. 

(a.) With the B. pyocyaneue . 

1st Experiment (March 4th, 1886). 

Air*plate« 00,-phtai 

(after 2 days). (after 9 days). 

Number of colonies from 1 c.c. f 22,412 1 q # i 

of the mixture...I 22,651 J 

•This plate was then placed in a damp-chamber in an atmosphere 
of air, and after seven days 2023 colonies were found. 
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2nd Experiment (March 11th, 1686). 

Air-pi ft tea CO a *plato» 

? (after 5 dnvs). (after 8 days). 

Number of colonies from 1 c.e. f (a.) 15,515 («'.) 0* 

of the mixture... L (&•) 18,950 (6',) 0 

•On being transferred to a damp-chamber filled with air, there were 
after three days— 

(o') 1288 colonies. 

(V) 1150 „ 

In an atmosphere of carbonic anhydride B. pyocyanens is thus nnt 
only prevented from multiplying, but the greater proportion of the 
bacilli present are destroyed in the course of a few days. 

(5.) With Koch’s Comma Spirilla (March 11th, 1886). 

CO s -p1ate§ 

Air-plates (after 8 days). 

Number of colonies from f ( a .) 4183 (after 4 days) (a.) 0* 

1 c.c. of the mixture .. \ (t.) 4H>0 (after 5 days) (&'.) 0 

•These plates were then transferred to a damp-chamber filled with 
air, and examined after three days, but no colonies were found. 

(c.) With Finkler’s Spirilla (March 11th, 1886). 

Air-plates 0O 9 -plates 
(after 4 days), (after 8 (Urn). 

Number of colonies from 1 c.c. 1 -.qw f (a'.) 0* 
of the mixture..... J * l ( b '.) 0 

•Theso plates were then transferred to a damp-chamber filled with 
air, and re-examined after threo days, but no colonies were found. 

The deleterious effect of carbonio anhydride on the vitality of these 
organisms is, therefore, far more intense in the case of the Koch and 
Finkler spirilla than in tliat of the Bacillus pyocyancus t for not only 
oan no colonies develop in the atmosphere of CO* but the spirilla 
are either destroyed or so weakened during eight days’ exposure to 
this gas that even on being transferred to an ordinary air-chamber no 
colonies are developed. 

III. Experiments with Carbonic Oxide. 

This gas was prepared from potassium ferrocyanide and strong 
sulphuric acid, and purified by passing it through a saturated solution 
of caustic sodn and then through a small tower filled with slaked 
lime, and finally through a plug of sterilised cotton-wool. 

The following experiments were made in the manner previously 
described with the three micro-organisms mentioned 
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(u.) With B . pi/oci/onei**. 

1st Experiment (March 19th, 1886), 

Air-plate* * CO*plates 

(after 4 days), (after 8 days). 

Number of colonies from 1 o.o. r ( a .) 28,952 («/) 0* 

of the mixture. 1(6.) 27,794 (6/) 0 

•After three days 1 exposure to air, there were found on examina¬ 
tion— 

(a') 20,558 colonies. 

(6') 16,142 „ 

2nd Experiment (March 29th, 1886). 

Air-plates CO-plat<*» 

(after 4 days), (after D days). 

Number of colonies from 1 c.c. 

of the mixture. 6124 467* 

•After five days' exposure to air, 6333 colonics wero found. 

3rd Experiment (April 10th, 1886). 

Air-plates CO-plates 

(after 4 days), (after 7 days). 

Number of colonies from 1 c.c. 

of the mixture. 113,978 0* 

•In this experiment a dish with pyrogallio acid and caustic potash 
was placed in the damp-chamber, in order to remove any trace of 
free oxygen which might be present. After four days' subsequent 
exposure to air, 100,821 colonies were found. 

From the above experiments, it is evident that carbonic oxide exerts 
a vorj powerful influence on the vitality of R pyocyaneus , for it 
effectually stops their development, but that this is only a temporary 
check to their growth is shown by the fact tliat on being removed to 
a damp-chamber containing air, almost the same number of colonies 
made their appearance as were found in the first instance on the air- 
exposed plates. The resnlte of the 2nd experiment suggest that in 
this case there were possibly traces of air still remaining in the 
chamber. 

(6.) With Koch’s Comma Spirilla. 

1st Experiment (March 29th, 1886). 

Air-platea OO-plntes 
(after 4 days), (after 0 days). 

Number of colonies from 1 o.c. 
of the mixture.. 100 48* 

•After five days’ exposure to the air, the number of colonies rose 
to 76. 

TOL. XLV. 
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2nd Experiment (April 10th, 1886). 


i 

Number of colonies from 1 c.c. 
of the mixture. 


Air* plates 
(after 4 day*). 




(a 1 .) 809 

(&'.) 19,494* 


•In these experiments pyrogallic acid was employed. The plates 
were exposed afterwards during four days to the air, but on sub¬ 
sequent examination the number of colonies was not found to have 
increased. 


(c.) With Fitikler’s Spirilla (April 10th, 1886). 

Air-pi atos CO-p1at(»B 

(after 3 day*). (after 7 day#). 

Number of colonies from 1 c.c. f (a.) 45741 2# 

of the mixture. \ (/>.) 4320 J 

# ln this experiment pyrogalli^ acid was employed. After four 
days' exposure to the air, the number of colonies roso to 501. 

In the carbonic oxide atmosphere, therefore, only a fraction of 
Koch's comma spirilla, and a still smaller fraction of Finkler’s 
spirilla are developed; the subsequent growth on exposure to the 
air is relatively small, and in the case of Koch’s comma spirilla prac¬ 
tically nil . 

IV. Experiments with Nitrous Oxide , Nitric Oxide y Sulphuretted 
Hydrogen , and Sulphurous Anhydride . 

Similar experiments were made with these gases. Those plates 
which were exposed to an atmosphere of nitric oxide, sulphuretted 
hydrogen, or sulphurous anhydride developed no colonies, neither 
were any found on subsequently placing the plates in air-chambers. 
These threo micro-organisms are, therefore, rapidly destroyed by the 
action of these gasos. 

In the experiments with nitric oxide, the air was first driven out 
of the damp-chamber with hydrogen in order to prevent the formation 
of nitrons acid. 

The organisms behaved, however, differently in the presence of 
nitrons oxide; in the chambers which were filled with this gas, and 
in which pyrogallic acid was also present, the Bacillus pyocyaneus 
developed no colonies, but afterwards on being placed in an air- 
chamber, almost as many colonies were found as were present in the 
original control air-plates. 

Under similar circumstances, Koch's comma spirilla developed 
in an atmosphere of nitrons oxide nearly one-third of the oolonieq 
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found on the control air-plate*, and on being transferred to the air- 
chamber a further though slight increase was found on re-examina¬ 
tion. 

In the case of the Finklor spirilla, about one-seventh of the total 
number of colonies were developed, and on being transferred to the 
air-chamber a further increase was observed, being about oue-fifth of 
the total nnmbor which had grown on the control air-plate. 

These resalts are tabulated below. 


"Experiments icith Nitrous Oxide. 

This gas was prepared by heating ammonium nitrate in a retort, 
and purified by passing it through a small tower filled with slnked 
lime, also through strong sulphuric acid and sterilised coitoti-wool 
Jii all the experiments, a dish containing pyrogallic acid and caustic 
potash was placed in tho damp-chamber. 

(«.) With B . pyocyanens (April 10th, 1886). 

Air-plato N«0-plnte 
(after 4 tiny*), (after 7 u.ivh) 

Number of colonies from 1 c.o. 

of the mixture .. -.. 113,978 0 # 

*0n being transferred to an air-chamber, there were found after 
four days 89,368 colonies. 


(6.) With Koch’s Comma Spirilla (April 10th, 1886). 


Number of oolonies from 1 c.c. 
of the mixture. 


Air-platen 
(after 4 days). 



NjOplates 
(aftor 7 day*). 
(*'.) 903* 

(&'.) 17,490 


*Ou being placed in an air-chamber no further colonies weie 
developed on (a') plate, whilst on (&') after four days the number bad 
risen to 23,328. 


(c.) With Fiuklor's Spirilla (April 10th, 1886). 


Air-plates 
(After 8 days). 


Number of colonies from 1 c.c. I (a.) 45741 
of the mixture.I (6.) 4320 / 


K 8 0*plates 
(after 7 days). 

649* 


*0n being transferred to an air-chamber there were found, after 
two days, 816 colonies, 

x 2 
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Nitrons oxide acts, therefore, upon these three micro-organisms 
much in the same manner as carbonic oxide. 

Remarks. 

From the above senes of experiments, it is at once apparent that 
the four different gases act very differently towards micro-organisms. 
Of the four gases employed, hydrogen, carbonic oxide, nitrous oxide, 
and carlxmio anhydride, hydrogen had the least deleterious effect 
upon those microbes with which I experimented, whilst carbonic 
anhydride had the most destructive influence. There is, therefore, no 
longer any doubt, as indeed Laborious and C. Frankel have already 
pointed out, that in the anaerobic culture of micro-organisms hydrogen 
is by far the most suitable medium for the oxpulsion of air, whilst 
carbonic anhydride, owing to its markedly deleterious effect upon 
many forms of bacteria, is not only ill suited, but is in many cases 
quite unfit for such a purpose. 

And ulthough there is no doubt, a h Buchner asserts, that all those 
bacteria which give rise to fei%ientations attended with an abundant 
evolution of carbonic Anhydride, must also be capable of flourishing 
in an atmosphere of this gas, yet it by no means follows that these 
organisms attain their full vitality in such an atmosphere. On the 
contrary, it is very possible that their anaerobic and fermenting 
powers only reach their maximum degree of activity when the gaseous 
products to which they give rise are removed either by a really 
indifferent gas, such as hydrogen, or by a vacuum. 

The results of some experiments on the fermentative activity of 
yeast by Boussingault (* Compt. liend / vol. 91, p. 37) support this 
view, for they show that in such a vacuum alcoholic fermentation 
takes place more actively, and is more quickly completed than at the 
ordinary pressure of the atmosphere. 

As regards the particular behaviour of these three micro-organisms 
towards carbonic anhydride, the results of my experiments agree 
almost entirely with those of Frankel. In both series of experiments 
it was found that the growth of B. pyocyaneus was entirely suspended 
by the action of this gas, but that on subsequent exposure to air the 
growth, attended with the formation of the characteristic pigment, 
commenced. 

Again, in both series of experiments, it was observed that carbonic 
anhydride completely arrested the growth both of Koch's comma 
spirillum and Finkler’s spirillum, but whilst 0. Frankel always 
succeeded on subsequent exposure to the air in obtaining a growth, 
although a very feeble one, in my experiments no such secondary 
growth was observed. 

This discrepancy may, however, very possibly arise from the differ¬ 
ence in the power of resistance which is often observed in the same 
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organism in different cultures. Of particular interest is the fact, 
which is brought out in the quantitative results of the experiments 
made by both of us, that there is a great variation in the power of 
resistance possessed by the individual organisms in an ordinary 
cultivation, and that conditions which exert a rapidly destructive 
influence on the majority of the microbes, leave the more hardy 
individuals of the same culture unaffected. 

I have already had occasion* to notice a similar result in experi¬ 
ments on the introduction of KooH’b comma spirilla and B. pyocyanens 
into drinking water; in these experiments it was repeatedly observed 
that the greater proportion of the organisms which were inoculated 
into the water rapidly died off, whilst a small proportion survived 
much longer, and, in fact, subsequently exhibited multiplication. 


II. 41 The Spinal Curvature in an Aboriginal Australian.” By 
D. J. Cunningham, M.D., Trinity College, Dublin. Com¬ 
municated by Sir W. Turner, Knt., F.R.S. Received 
January 14, 1889. 

(Abstract.) 

1. The lumbo-vertebral index gives no information as to the 
character and degree of the lumbar curve of the vertebral column. 
If it did so, we might assume that in the native Australian the 
lumbar region of the spine was curved so as to present a concavity to 
the front. 

2. To estimate the extent and the degree of the different curves of 
the column it is necessary to examine fresh spines in which both the 
vertebral bodies and intervertehral disks may be studied in conjunc¬ 
tion with each other. 

8. In the spine of the native Australian (described in the extended 
paper) the secondary curves (t.e., the cervical and the lumbar curves) 
are strongly accentuated, whilst the primary curves (i.s., dorsal and 
sacral) are not so marked. In these particulars the Australian 
spine resembles somewhat the spine of a Chimpanzee. 

4. The points of inflexion of the axial curvature of the vertebral 
oolamn, in the case of the cervico-dorsal transition and the dorso- 
lumbar transition, are placed differently in the Australian from the 
corresponding points in the European female and the Chimpanzee 

5. In the European the sacral curve is cut off in the most decided 
manner from the lumbar curve: not so in the Australian, lu the 
latter the first sacral vertebra just escapes being included in the 
lumbar curve, and the importance of this is centred in the foot that 

• 11 On the Multiplication ot Micro-organisms." * Roy. Soc. Proc.,' vol. 40,1886, 
p. 548. 
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in the Chimpanzee the lumbar curve passes continuously into the 
sacral region, and involves one, or perhaps t wo, of its vertebra. 

In connexion with this question, it is interesting to note the close 
associHtiou which the last lumbar vertebra in the Chimpanzco 
exhibits with the sacrum. The intervening disk of cartilage is very 
thin, and quite different from those above it. Further, it is extremely 
common to find the last lumbar vertebra of the Chimpanzee pro* 
Banting sacral characters and joinod by osseous union to the sacrum. 
In the Australian ami European the last lumbar and first sacral 
vertebras are well separated from each other by a thick pad of inter¬ 
vertebral substance, but there is reason to believe that the last 
lumbar vertebra of the Australian more frequently exhibits Sacral 
characters than tlio corresponding vertebra of the European. 

0. A single glance at the tracing obtained from the mesial section 
of the Australian spine will be sufficient to dissipate any doubt that 
may bo remaining regarding tho presence of a lumbar convexity in 
the vertebral column of this race. Not only does it exist, but it 
exists in a very pronounced*!form. The dogreo of curvature in the 
lumbar region of tho Australian, while it falls slightly short of that 
which is seen in the Chimpanzee, corresponds closely with tho 
degree of curvature in tho European female. At the same time we 
must not lose sight of the fact that tho lumbar curve does not 
consolidate until adult life, and tho Australian spine was taken from 
a girl who had only reached the age of sixteen. It is more than 
probable, therefore, that the spine in question does not express the 
full amount of curvature of tho lumbar region in thiN nice. 

7. In the Australian, the curvature in the lumbar region is entirely 
due to the strongly wedge-shaped form of the intervertebral disks. If 
wo i orm an index for these, as has boon done for the vertebral bodies, 
tlie amount which they contribute to the curve can be appreciated. 
The following are the indices obtained for the Australian spine, and 
also die average indices of the spines of four Europeans : — 

Lum bo-vertebral Lumbo-intef vertebral 
index. index. 

Australian. 1016 49*5 

Four Europeans .... 96*3 65*6 

8. In the extended paper the character of the lumbar axial eurve is 
discussed, and it is shown to differ materially from that of tho 
European. In both it is composed of the ares of three circles. The 
parts entering into these, and the lengths of their respective radii 
differ in the two cases markedly. In the Australian the lower part of 
the enrve is abrupt and sudden; in the European it is more uniform 
throughout. 

9. A sagitto-vertical index of the lumbar vertebrae suggests some 
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interesting points. In calculating this, the sagittal diameter of the 
different vertebral bodies is taken as the standard and compared with 
the axial vertical diameter. This index is observed to present a direct 
gelation to the proportion of bone and cartilage which enters into the 
construction of the lumbar column. The higher the index the 
smaller is the amount of intervertebral substance, and vice versd. 
This has been tested in the European, Australian, Chimpanzee, 
Baboon, Macaqne, and Orang. The European excels all these in the 
amount of cartilage as compared with bone in the lumbar region of 
the vertebral column. In the erect attitude of man this greater 
amount of cartilage lessens the shocks transmitted upwards through 
the column. In the prone or semi-prone position of the trunk the 
same provision is not so necessary.* 


Presents, January 24, 1889. 
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January 31, 1889. 

Professor G. G. STOKES, D.C.L., President, in the Choir. 

The ProBents received wore laid on tho tablo, and thanks ovdorod 
for them. 

Tho following Paper was read :— 

1. “On hoetes lacmtris, Linn.” By J. BRETLAND FARMER, B.A., 
F.L.S. Communicated by Professor S. H. Vines, F.R.S. 

Received January 22, 1889. 

Tho genus Isoetes Ima^been an object of interest to botanists over 
since Hofmeister’s brilliant researches on the vascnlar cryptogams, 
but tho accounts given by the different observers on tho development 
and organogeny of tho sporophyte are so conflicting, and moreover 
our knowledge of the sexual generation is so limited, that a renewed 
investigation of tho whole subject seems desirable. In the present 
communication I propose to summarise, as briefly as possible, the 
more important of my own observations on one species, I. lacustrU , 
to which plant my attention has been directed for some time past. 1 
intend to deal here only with tbo germination of the macrospore, and 
to reserve details of minor significance, as well as all account of the 
sporophyte, for treatment in a future paper, as this part of the subject 
requires critical discussion. 

The shape of each macrospore is, ns is well known, that of a tetra¬ 
hedron with somewhat rounded sides, and tho protoplasmic contents 
aro enclosed in a number of coats which, in mature specimens, are 
differentiated into six layers. Peripherally is the episporium, a colour¬ 
less, glassy, and brittle layer, whose surface is besot with numerous 
irregular prominences. Tho episporium, which is derived from the 
opiplasm of the Bporangium, stains with hematoxylin, though only to 
a slight extent. Within this outer layer is the exosporium, consisting 
of three brown euticulamed layers, but of which the two outer ones 
are frequently not easily distinguishable as separate coats. The two 
innermost membranes of all, are cellulose in character, and form the 
endosporium. 

The protoplasm which is contained in the spore includes a large 
quantity of reserve material, consisting of starch and oil, the latter 
being, however, eliminated during the process of soaking in turpen¬ 
tine, to which tho spores are subjected previously to their being 
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embedded in paraffin. A number of section8 through each spore were 
obtained by means of the Cambridge rocking microtome, and were 
arranged in series, thus permitting of an examination of the internal 
structure of the spores. The protoplasm, which is remarkably granu¬ 
lar, is of a spongy texture (probably due to the extraction of the oil), 
and contains a nucleus of very large size, in which bodies resembling 
nucleoli were in some cases detected. The nucleus is sharply marked 
off from the cytoplasm by a membrane, but of course it must be borne 
in mind that this feature may be caused in part by the methods used 
in embedding. When spores are examined in this stage, the proto¬ 
plasm stains but slightly with hromatoxylin, and the tint is inclined 
to red, and even the nucleus is not deeply coloured. In somewhat 
older spores, at the period immediately preceding germination, the 
whole protoplasm stains far more readily and deeply in a given time, 
but a nucleus is no longer differentiated by the hrcm&toxylin, and the 
colour now produced is of a deep blue. As I Lave frequently had 
spores of different ages on tho same slide, all of which were subjected 
to exactly similar treatment, this difference in colour may probably be 
taken to indicate an actual diffusion of the substance of the nucleus 
through the cytoplasm, since the change is always confined to spores 
in the condition referred to. 

This view receives some confirmation from the circumstances attend¬ 
ing the formation of the prothallium, now to be described. The first 
indication of cell-division occurs in a somewhat peculiar manner, bnt 
its significance is rendered clear by what takes place subsequently. 
Before entering upon a description of what actually happens, it may 
be well, in order to avoid possible misconstruction, to state oxpressly 
the opinion that the characters presented are made visible only by 
the action of the means necessarily exnployod in embedding, but this 
does not vitiate the conclusion that they may bo taken as indications 
of internal changes which actually occur in the protoplasm. In spores 
in which cell formation is about to commence, tbe deeply stained 
protoplasm is seen to be traversed by a few “ cracks,*’ which divide 
the contents of the spore into large isolated masses. At this poriod 
there is nothing to point to the existence of a membrane, except 
the granular structure which is apparent on the surfaco of the 
cracks, bnt at a subsequent Btago in tho development, one of the sur¬ 
faces is Been to be bounded by a membrane of extreme tenuity. When 
first formed it can only be distinguished in favourablo places, but it 
rapidly grows in thickness, and forms a limiting surface between the 
two protoplasmic masses. From the mode of its formation it can 
hardly arise otherwise than by the conversion of a layer already 
present in the protoplasm directly into cellulose, and it appears to be 
the presence of this substance arranged in a definite plate-like manner 
which determines the splitting referred to. The first membrane cuts 
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the spore into an apical and a basal portion, and while the latter 
for some time undergoes no farther change, the apical cell is divided 
very rapidly into a number of cells, whose arrangement oan still be 
followed even in quite old prothallia. When the first primary cells 
are formed, the nuclei are again distinguish able on staining with 
hnmatoxylin, but they are of exceedingly small dimensions, and with 
this change the staining capacity of the protoplasm becomes less 
marked. Divisions in all planes proceed very rapidly in the upper 
(apical) portion of the prothallium, and the rndiments of the arolie- 
gouia are laid down much as in the Marnttiace®. Pcriclinal division 
of single superficial cells into two takes place, the upper of which 
gives rise to the neck, and by repeated division forms four stories, each 
story beiug again dividod crosswise into four colls arranged as quad* 
rants of a cylinder. The lowor cells form the central series, in which 
a neck canal cell is cut off, and then a ventral canal cell, from the 
ooBphere. The canal cells then thrust themselves between the neck 
cells, and cause a distortion in the two lower stories, which may be so 
great as even to render tftem difficult of recognition. 

Whilst these changes have been taking place in the upper (apical) 
of the two primary cells, the lower (basal) one is dividing, but com¬ 
paratively Blowly, and it is easily distinguishable in that the cells 
arising from it remain of a large size as compared with those formed 
in the upper part of the prothallium. In spite of repeated search 
through a groat number of preparations, it has not been found possible 
hitherto to arrive at a satisfactory conclusion as to the mode of cell- 
division which prevails in the secondary stage, for no karyokinetic 
figures could be detected; nevertheless, it is highly probable that the 
process does not differ in any important respoct from that exhibited 
by other plants, and the arrangement of the nuclei about the walls of 
recently formed cells makes this supposition almost a certainty. 

I have purposely omitted any reference to the researches of other 
observers in the present paper, and it was not my object to attempt a 
complete account of my own work, which is still in progress, but the 
results detailed above appeared of sufficient interest to justify the 
appearance of this note. 
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II. "On Auto-infection in Cardiac Disease” By L. C. Wool¬ 
dridge, M.D., D.Sc., Assistant Physician to (ruy’s Hospital. 

* Communicated by Professor Victor Horsley, B.S., F.R.S. 
(from tho Laboratory of the Brown Institution). Received 
January 24, 1889. 

In 1886 I described to the Royal Society* a substance, one of the 
most noticeable features of which was that it caused intravascular 
clotting when injected into the circulation of an animal, lu subse¬ 
quent publications I have further described the action of this 
substance, or rather group of allied substances, and speak of them os 
fibrinogens. 

In particular, I pointed out in my papers in du Bois-Reymoud’s 
* Arcluv,’ 1886, and in Ludwig’s ‘ Festschrift,* 1887, that the lymph 
and chyle contained this substance. More exactly 1 had found that 
the fluid of lymphatic glands, freed from all form elements, pos¬ 
sessed precisely tho same action os the tibrinogens, and that the 
fibrinogen was the active substance in this fluid. The lymph con¬ 
tained in serous cavities does not contain this body, hence it is 
probably formed in the lymphatic glands. Dr. Kruger,f assistant to 
Professor Alexander Schmidt of Dorpat, has disputed tho correctness 
of these observations. But 1 am absolutely certain, from a repetition 
of my experiments, an account of which I have published elsowhere.J 
that l)r. Kruger is in error, and that my original observations were 
correct. 

In the present paper I endeavour to show tho light which further 
experiments have thrown on this question, and to point out the 
probably great importance which fibrinogen intoxication plays in m 
large and important class of disease, particularly cardiac disease. 

For the purpose of my experiments I have used mainly the thymus 
gland, as the fluid and the fibrinogen of the thymus is quite similar to 
that of lymphatic glands, and is more eusily obtained. 

Experiment 1. 

The half per cent. NaCl fluid of the thymus, perfectly fresh, the 
cells completely removed by the centrifuge. The fluid rendered 
faintly alkaline with NagCOg. 

Dog I.—Weight 19 lbs. Injected rapidly into the jugular vein 
8 o.c. of the fluid. Dog killed. The portal vein was thrombosed, 

* m On Intravascular dotting,** and Ooonian Lecture Abstract, Apr. 8,1888. 

■+ Krtftcr, 4 Zeitschrift far Biologic.' 1887, Heft ft. 

£ * On the Nature of Coagulation * (pamphlet, London, 1888). 
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th« clot commencing in the middle of the portal trank, and extend* 
ing into all the branches of the portal in the liver. 

Dog 11.—Weight 16 lbs. 7*5 c.o. of the fluid injected, bnt ten 
timos diluted with alkaline salt solution. The injection was slow, 
taking from three to four minutes. The dog was killed. There was 
absolutely no trace of dotting in any vessel. 

As regards diet the animuls were in similar conditions. 

Experiment 

Used the watery extract of thymus, precipitated with acetic acid, 
and the solution of this precipitate in alkaline half per cent. NaCl 
injected. 

Dog I.—Weight of dog, 14 lbs. Injected rapidly 7 c.c. of solution. 
The animal ceased to breathe instantly and never breathed again. 
The heart continued to beat for several minutes. The right heart, the 
whole of the pulmonary artery and veins, and the left heart one solid 
clot. 

Dog II.—Weight of^dog, 13£ lbs. 7 c.c. of the same solution 
injected, but diluted ton times with alkaline salt solution; the injec¬ 
tion slow, occupying throe to foar minutes. Dog killed. Absolutely 
no trace of clotting anywhere. 

It is seen from the above experiments that a substance added 
rapidly to the circulating blood prodnees a pronounced effect; added 
comparatively slowly and diluted, but in the same quantity propor¬ 
tionate to the weight of the animal, it produces no effect at all. 

The obvious effect may be local, occur where the sudden 
admixture of fluids takes place, i.e. % in the heart; or it may be remote 
and take place in the portal vein. 

The phenomenon appears to resemble somewhat the so-called 
“ mass influence 99 (maMenwirkung) of chemists. 

A sudden admixture of a sufficient quantity of this substance with a 
given quantity of blood poisons the blood; the same conditions would 
be produced if instead of the injection being sudden the blood were 
circulating more slowly. In this case, also, a given quantity of the 
blood would in a given time receive a larger quantity of the fluid 
than if the blood were rapidly circulating. For the present 1 am 
speaking of the blood being affected by its showing an obvious 
change, that is clotting; and I know, from previous experiments, that 
to produce this change a certain quantity of the fibrinogen must be 
added to the blood, t.s., the larger the dog, and consequently the more 
blood, the more of fibrinogen most be injected. 

The present experiments show that to affect the blood a certain 
quantity of the substance must reach the blood within a given time, 
and thin effect may obviously be obtained either by rapid injection or 
by the current of blood being slow in the neighbourhood of the vessel 
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used for, injection. I am therofore inclined to explain the fact that 
the lymph does not normally poison the blood because it runs into the 
blood slowly whilst the blood circulates rapidly. In a normal state, 
therefore, the conditions which must exist for a fibrinogen in toxica* 
ion do not prevail. 

I have above used the term *' poison the blood M ; it will be advan¬ 
tageous for me to explain this expression. 

Tlie admixture of fibrinogen and blood may obviously affect the 
latter, by causing it to clot or by preventing its clotting (vide previous 
papers),* but it produces other changes than these which are not so 
directly perceptible. The nature of these changes will be seen from 
the following:—If in a normal dog the femoral vein be ligatured 
there is no obvious effect produced, t.e,, there is no oedema of the leg. 
If, however, some solution of fibrinogen be injected into the circula¬ 
tion through the jugular vein and the femoral be then ligatured, the 
effect produced is most pronounced, and is as follows: either the 
roost extensive and rapidly developing simple oedema of the leg occurs 
or an enormous haemorrhage “per diapedesiu ” takes placo throughout 
the tissues of the limb; or the two are combined—there is haemorrhage 
and oedema. 

The injoction of fibrinogen,t then, in addition to the obvious effects 
of clotting or delay in clotting, produces a totally disturbed relation¬ 
ship between the blood and the vascular wall, since, after the injection, 
a slight mechanical disturbance to the circulation causes a greatly 
increased exudation of the fluid of the blood, or this associated with a 
free passage of the red corpuscles. The tendency the injection hss 
to cause hemorrhage I have already pointed out in a previous publi¬ 
cation, X the fact that it produces a simple but severe and sudden 
oedema is new. Now, to produce this altered state of the blood, 
leading to oedema, the same conditions of admixture of blood and 
fibrinogen are necessary, i.e., the admixture must be rapid. I will 
illustrate this by an experiment. 

Experiment 3. 

Used the NaCl fluid of thymus free from cells. 

Dog I.—Weight 17 lbs. 12 c.c. of solution rapidly injected into 
the jugular. Bight femoral vein tied close to Poupart ligament. 
Dog killed the next day. The portal system thrombosed. The whole 

• M Intravascular Clotting/'' Boy. Soo. Proc./ 1886 j u Beitrttge «ur Frege der 
Gerinnung,” ‘du Boia-Beymond, Archiv/ 1888; “ Ueber Schutiimpfung auf 
Chrmisohem Wege/* * du Boii-Beymond, Archiv/ 1888. 

t The fibrinogen used to produce this effect may be lymph fibrinogen, tiaaue 
fibrinogen, or certain varieties of blood fibrinogen. 

t Wooldridge, 41 On Hemorrhagic Infarction of the Mver/ 14 Pathol. Soo. Prpo,/ 

1888. 
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right leg extremely oedematous. Large haemorrhages over upper part 
of leg and lower part of abdomen. 

Dog II.—17 lbs. 12 c.c. of solution injected, but ten times dilated, 
and injection lasting five minutes. Femoral vein tied close to liga¬ 
ment. Dog killed next day. No trace whatever of clotting anywhere. 
Leg absolutely free from the slightest trace of oedema or haemorrhage. 

So far as my observations go, the tendenoy to oedema is the first 
symptom of fibrinogen intoxication, i,e, t it is more easily produced 
than any othor. 

One of the most important features in these observations lies in 
their relationship to many important diseases. I have pointed out 
the conditions which must prevail to produce a fibrinogen intoxica¬ 
tion. It is improbable that diseased conditions are often set np by a 
sudden large flow of lymph into the blood ; but it is certain that the 
other conditions, the slowing of the circulation in tho neighbourhood 
of the thoracic duct, is a common incident, particularly I may mention 
valvular disease of tho heart and obstruction to the circulation 
through the lungs, as conditions which necessarily produce this result. 
It is a dogma of medicine that cardiac dropsy as a symptom of cardmo 
failure, iw due to the mechanical obstruction of the circulation. My 
observations lead me to the conclusion that the danger in cardiac 
disease is fibrinogen intoxication; and that tho symptoms of cardiac 
disease—c.g., dropsy, formation of intravascular clots, hcetnorrbagio 
infarction, fever, Ac.—are largely dependent on this condition. 


Presents, January 31, 1880. 

Transactions. 

AmsterdamKoninklijko Akademie van Wetenschappen. Ver- 
handelingen (Letterkunde). Deel XVII. 4to. Amsterdam 
lb88; Verhandelingen (Natuurkunde). Deel XXVI. 4to. Am* 
8terdam 1888. The Academy. 

Koninklijk Zoologisch Genootschap ‘ Natura Artis Magistral 
Bijdragen tot de Dicrkunde. Aflevering 14-18. 4to. Amsterdam 
1887-88; Feest-Nummer nitgegeven bij Gelegenheid van bet 
50-jorig Bestaan van het Genootschap. 4to. Amsterdam 1888. 

The Society. 

Brussels:—Academic Royale des Sciences. Amraaire. 1889. 12mo. 
Bruxelles . The Academy. 

Buitenzorg:—Jar din Botanique. Annales. Vols. II, III, IV, V, 
VI. Parts (respectively) 2,1, 1-2, 1, 2. 8vo. Leide 1885-87. 

Dr. Treub. 

Calcutta:—Asiatic Society of Bengal. Journal. 188S. Nos. 1-2. 
8 vo. Calcutta j Proceedings. 1888. Nos. 2-8. 8vo. Calcutta, 

The Society. 



Presents. 


313 


1869 .] 

Transactions (continued ). 

Jena: —Medmuisch-Naturwissenschaftliche Ge*cllschaft. Jcnaische 
Zeitschrift. Bd. XXIII. Heft 1. 8vo. Jena 1888. 

The Society. 

LondonClinical Society. Transactions. Vol. XXI. Supplement. 
8vo. London 1888. The Society. 

General Medical Council. The Medicnl Register. 1888 8vo. 
London; The Dentists Register. 1888. 8vo. Isondon; The 
British Pharmacopoeia. 1885. [Reprint.] 8vo. London 1888. 

The Council. 

Manchester:—Geological Society. Transactions. Vol. XX. Parti. 
8vo. Manchester 1888. 

Tho Society. 

Mexico:—Sociednd Cientifica u Antonio Alzate.” Momorias. Tomo 
II, Num. 4. 8vo. Mexico 1888. The Society. 

Montpellier :—Academic des Sciences et Lettrcs. M^moires. (Sec¬ 
tion des Lettres.) Tome VIII. Fasc. 2. 4to, Montpellier 1888. 

The Academy. 

Netherlands:—Nederlandsche Botanische Vereeniging. Verslageu 
en Mededeelingen. Deel V. Stuk 2. 8vo. Nijmegen 1888. 

The Netherlands Legation. 
Newcastle-upon-Tyne:—North of England Institute of Mining and 
Mechanical Engineers. Transactions. Vol. XXXVII. Part 0. 
8vo. Newcastle 1888. The Institute. 

New Haven:—Connecticut Academy of Arts and Sciences. Trans¬ 
actions. Vol. VII. Part 2. 8vo. New Haven 1888. 

The Academy. 

New Orleans:—Academy of Sciences. Papers. Vol. I. No. 2. 8vo. 

New Orleans 1887-88. The Academy. 

New York:—Academy of Sciences. Annals. Vol. IV. Nos. 3-8. 
8vo. New York 1888; Transactions. Vol. VII. Nos. 1-8. 8vo. 
New York 1887-88. The Academy. 

American Geographical Society, Bulletin. Vol. XX. Nos. 2-4. 

8vo. Neto York . The Society. 

American Museum of Natural History. Annual Report. 1887- 
88. 8vo. New York. The Museum. 

Cooper Union for the Advancement of Science and Art. Annual 
Report. 1888. 8vo. New York . Tho Union, 

Paris:—ficole Normals Snp6rieure. Annales. Tome V. Nos. 6-12. 
4to. Paris 1888; Table des Matures, 1864*1883. 4to. Paris 
1886. The School. 

Museum d'Histoire Naturcile. Nouvelles Archives. Tomos IX-X. 

4to. Paris 1887. The Museum. 

Soei£t6 de Geographic. Bulletin. Tome IX. Trim. 3. 8vo, Paris 
1868. The Society. 
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Transactions (continued ), 

Society Fr&n^aise de Physique. Stances. Janvier—-Mai, 1888. 

8vo. Paris* The Society. 

Soci6t6 Gfologique do Franco. Bulletin. Tome XV. No. 9. 

Tome XVI. Nos. 2-7. 8vo, Parts 1888. The Society. 

Soci6t6 Matheraathique de France. Bulletin. Tome XVI. Nos. 
4 - 5 . 8vo. Pom 1888, The Society. 

Philadelphia:—Academy of Natural Sciences. Journal. Vol. IX, 
Part 2. 4to. Philadelphia 1888. The Academy. 

Rome:—Roale Comitato Ueologico d’ltalia. Bollettino. 1888. Nos. 

9-10. 8vo. Roma . The Comitato. 

Rotterdam :—Society Bfttavo de Pliilosophie Exp£ri men tale. Pro- 
gramme 1888. 8vo |_ Rotterdam .] The Society. 

St. Petersburg: — Acad^mio Imperial© des Sciencos. M6 mo ires. 
Tome XXXVL Nos. 6-11. 4to. St. Petersbourg 1888. 

The Academy. 

Salem (Mass.) :—Essex Institute. Proceedings. Vol. V. No. 4. 

8 vo. Salem 1887. The Institute. 

Shanghai:—Royal Asiatic Society (China Branch). Journal. Vol. 

XXII. No. 6. 8vo. Shanghai 1887. The Society. 

Stockholm:—Kongl. Vetenskaps-Akademie. Ofversigt. Arg. 45. 
No. 9. 8vo. Stockholm 1888. The Academy. 


Journals. 

Journal of Comparative Medicine and Surgery. Vol. IX. No. 3. 8vo. 

Philadelphia 1888. The Editors. 

Medico-Legal Journal. Vol. TV. No. 4. Vol. VI. No. l. ‘8vo. New 
York 1888. The Medico-Legal Society, New York. 

Mittheilungen aus der Zoologischen Station zu Neapol. Bd. VIII. 

Hefte 3-4, 8vo, Berlin 1888. Dr, Dohrn. 

Naturalist (The) Nos. 161-1G2. 8vo. London 1888-89. 

The Editors. 

Prace Matematyczno-Fizyczne. (Mathematical and Physical 
Papers.) Wydawane w Warszawie. Tom. I. 8vo. Warszawa 
1888. The Editors. 

Revista de Minas. 1888. Num. 6-12. 8vo. Bogotd . 

The Agencia de Minas. 
Revista do Observatorio. 1688. Num. 4-11. 8vo. Rio de Janeiro. 

Imperial Observatory, Rio de Janeiro. 
Technology Quarterly. Vol. II. Nos. 1-2. 8vo. Boston 1888. 

The Editors. 

Victorian Year-Book. 1886-87, 1887-88. 8vo. Melbourne . 

The Government of Vic|toria. 
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February 7, 1889. 

Professor G. G. STOKES, D.C.L., President, in the Chair, 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 


I. “Second Series of Results of tho Harmonic Analysis of 
Tidal Observations.” Collected by GK H. Darwin, LL.D., 
F.R.S., Fellow of Trinity College and Plumian Professor 
in the University ot Cambridge. Receivod January 18, 
1889. 

[Publication deferred.] 


II. “ The Principles of training Rivers through Tidal Estuaries, 
as illustrated by Investigations into the Methods of 
improving the Navigation Channels of the Estuary of the 
Seine.” By Leveson Francis Vervon-IIaroourt, M.A., 
M.lnst.C.E. Communicated by A. G. V KRNON-Harcourt, 
F.R.S. Received January 19, 1889. 

[Publication deferred.] 


III. “ Note on the Spectrum of the Rings of Saturn.” By J. 
Norman Lockyer, F.R.S. Received and read February 7, 
1889. 

The acknowledged meteoritio constitution of the rings of Saturn 
rendered, it important to obtain a photograph of their speotrum, in 
order that it might be determined whether collisions there were of 
sufficient intensity to produce incandescent vapours. It has long 
been known that the rings appear much more luminous than the 
planet, and the magnificent photographs obtained by the Brothers 
Henry show that this is truer for the blue light than for the visual 
rays. 

* The weather has been so bad that only one long exposure photo¬ 
graph has been taken. Although the instrument was not in perfect 
Vo L. xlv. 
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adjustment, owing to a recent accident, I submit it to the Society 
because there appears to be evidenoe of bright lines in the photograph. 
It is altogether too early to announce this as an established fact, 
but I think it well to send in this note, in order that other observers 
with more powerful optical appliances and a better climate than that 
of London may investigate the question. 

The photograph exhibited was taken on tho 2nd instant by 
Mr. Porter, Computer to the Solar Physics Committee. The instru¬ 
ment employed was the 10-inch equatorial of the Science Schools, 
and a spectroscope of two prisms of 60°. 

Other considerations point to the possibility that bright lines or 
bands may be found in the spectrum of Uranus. 


Presents , February 7,1889. 

Transactions. 

Amsterdam :—Koninklijke Akademie van Wetenschappen. J&ar- 
boek. 188^-87. 8vo. Amsterdam ; Yerslagen en Mededoel- 
ingen (Letterkunde). Deel IV. 8vo. Amsterdam 1887. Ditto 
(Natuurkunde). Deel III-TV. 8vo. Amsterdam 1887-88; 
Catalogue dor Vorzamelingen Bilderdijk en Van Lennep. 8vo. 
Amsterdam 1887. The Academy. 

Helsingfors:—Societas pro Fauna et Flora Fennica. Acta. 
Vols. 1I1-IV. 8vo. Helsingfors 1880-88; Meddelanden. 
Vol. XIV. 8vo. Helsingfors 1888. The Society. 

Liverpool:—Astronomical Society. Journal. Vol. VII. No. 3. 

8vo. Liverpool 1888. The Society. 

London :—Iron and Steel Institute. Journal. 1888. No. 2. 8vo. 
London . The Institute. 

Pharmaceutical Society of Great Britain. Calendar. 1889. 8vo. 

London . The Society. 

Qaekett Microscopical Club. Journal. Vol. III. No. 23. 8vo. 
London 1889. The Club. 

Melbourne:—Royal Society of Viotoria. Transactions. Vol. I. 
Part 1. 4to. Melbourne 1888 ; Transactions and Proceedings. 
Vol. XXIV. Parts 1-2. 8vo. Melbourne 1887-88. 

The Society. 

Moscow:—Sociltl lmplriale des Naturalistes. Bulletin. Annie 
1888. No. 3. 8vo. Mosoou. The Society. 

Penzance:—Royal Geological Society of Cornwall. Transactions. 

Vol. XI. Part 3. 8vo. Penzance 1889. The Society. 

Pesth:—Acadlmie Hongroise des Sciences. Alxnanaoh. 1888. 
8vo. Budapest \ Ungarisohe Revue. 1887. Heft 8-10. 1888. 
Heft 1-6. 8vo. Budapest . With various other publications of 
the Academy. The Academy. 
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Transactions (continued). 

Sydney:—Australian Museum. Descriptive Catalogue of the 
Sponges in the Museum. By R. von Lendenfeld. 8vo. 
London 1888; Catalogue of the Fishes. Fart 1. 8vo. Sydney 
1888. The Museum. 

Linnean Society of New South Wales. Proceedings. Vol. III. 

Parts 1-2. 8vo. Sydney 1888. The Society. 

Royal Society of New South Wales. Journal and PrococdingB. 
Yol. XXII. Part 1. 8vo. Sydney 1888. The Society. 

Toulouse :—A cad6mie des Sciences. M6moires. Tome IX. 8vo. 

Toulouse 1887. The Academy. 

Turin :—R. Accadomia dolle Soienze. Atti. Vol. XXIII. Disp. 11- 
15. Vol. XXIV. Disp. 1. 8vo. Torino 1887-89. 

The Academy. 


Observations and Reports. 

Adelaide:—Public Library, Museum, and Art Gallery of South 
Australia. Report. 1887-88. Folio. Adelaide. 

. The Board of Governors. 

Brisbane:—Meteorological Office. Preliminary Report of the 
Government Meteorologist. 1887. Folio. Brisbane 1888. 

The Government of Queensland. 
Registrar-General's Office. Vital Statistics, Queensland, 1887. 
Folio. Brisbane 1888. The Registrar-General. 

Brunn:—Meteorologische Commission des Naturforschcnden 
Vereines. Bericht. 1885. 8vo. Brunn 1887. 

The Commission. 

Cadiz:—Observatorio de Marina de San Fernando. Anales. 
Observaoiones Meteoroldgicas. Ano 1887. 4to. San Fernando 
1888; Almanaque Ndutico para 1890. 8vo. Madrid 1888. 

The Observatory. 

Cambridge (Moss.);—Harvard College Observatory. Annals. 
Vol. XVIII. No. 6. 4to. [Cambridge 1888]; Annual Report, 
1888. 8vo. Cambridge. The Observatory. 

Colombo:—Museum. Report, 1887. Folio. [Colombo] 1888. 

The Museum. 

Dorpat:—Sternwarte. Meteorologische Beobachtangen. Mai— 

Juni, 1888. 8vo. [Dorpat]. The Observatory. 

DunEoht:—Observatory. Ciroulars. Nos. 165-167. 4to. [Sheet.] 
1888-89. The Earl of Crawford, F.R.S. 

IndiaGeological Survey. Bibliography of Indian Geology. 
Preliminary Issue. By R* D. Oldham. 8vo. Calcutta 1888, 

The Survey, 

International Polar Expeditions:—Expedition Suddoise, 1882-83. 
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Observations, Ac. (continued). 

Observations faites an Cap Thordsen, Spitzberg. Tome IT. 
Fasc. 2-4. 4to. Stockholm 1887. 

The Meteorological Office, London. 
Kiel:—Commission znr Untersuchung der Dentschen Meero. 
Ergebnisse derBeobachtnngsstationen. Jabrg. 1887. Heft 7-9. 
Obi. 4to. Berlin 1888. The Commission. 

London:—Navy Medical Department. Statistical Report. 1887. 
8vo. London 1888. The Department. 

Stationery Office. Voyage of H.M.S. u Challonger.” Report. 
Zoology. Vol. XXIX. Text and Plates. 3 vols. 4to. London 

1888. The Office. 
Lyme Regis:—Rousdon Observatory. Observations. 4to. [Shoet.] 

1889. Mr. C. E. Peek. 
Manchester:—Public Free Libraries. Annual Report. 1887-88. 

8vo. Manchester. The Committee. 


February 14, 1889. 

Professor G. G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

I. “ Magnetisation of Iron at High Temperatures.” (Preliminary 
Notice.) By J. Hopkinson, F.R.S. Received January 30, 
1889. 

I have recently been making some determinations of the carves 
of magnetisation of iron at varying temperatures up to that at 
which the iron ceases to be magnetic. Although the experiments are 
still progressing, some of the results are of sufficient interest to be 
worth publishing briefly at once. 

The method of experiment was identical with that which I used 
for a sample of nickel about a year ago. The temperatures are osti* 
mated by the resistance of a copper secondary coil, and as there may 
be some uncertainty as to what temperatures the several resistances 
correspond with, I givo in the curves whioh follow the resistance 
observed as well as the temperature estimated. 
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Curve I shows the relation of induction to magnetising force at 
the ordinary temperature, the resistance of the secondary coil 
being 0‘692 ohm. The curve is given to two scales, the scale of 
induction being the same in each, whilst the scale of magnetising 
force is magnified twenty-fold in the one as compared with the other. 

Curve II shows the same relation for a temperature of 697° C. to 

700° a 

Curve III shows the same thing for a temperature between 727° C. 
and 720° C. 
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These curves illustrate what has been long known, that rise of tem¬ 
perature causes increase of induction if the magnetising force is 
small, but diminution of induction if the foroe is great* 


In Curve IV the abscises are temperatures, the ordinates are the 
ratios of induction to magnetising force or permeabilities for a force 
of 4*0, and of 0*3 C.G.S. units, the data being supplied from the 
preceding and other curves. The latter curve brings out a most 
remarkable feature. For this force the permeability increases some¬ 
what steadily to a temperature of about 640° C., its rate of increase 
then rapidly accelerates, till it attains a maximum of 11,000 at a 
temperature of 727° 0.; at 737° G. the permeability is practically 
unity, or the magnetisability of the material has entirely disappeared. 

Regarding the iron, as made up of magnetic molecules the axes of 
which are directed to parallelism by magnetic forces, tbe results are 
expressed by saying that the magnetic moment of t^e molecule 
diminishes with riso of temperature, at first slowly, but vory rapidly 
as tbe point is approached at which magnetism disappears; on tbe 
other hand, the facility with which the particles are directed con¬ 
tinually increases, at first slowly, but at 'high temperatures very 
rapidly. The effect is that at a temperature of 720° O. an exceedingly 
small force is competent to turn the axes of nearly all the molecules 
in a direction parallel , to the magnetising force. 

The estimates of temperature given herein must be aooepted as 
provisional, and sutgect to revision. The actual temperatures are 
undoubtedly materially higher, as I hove not yet. taken into acoount 
the part of the seoondaiy wire outside the furnace. 
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[If an iron ring which has never been magnetised has its carve of 
magnetisation determined for an ascending series of forces, if it bo 
then thoroughly demagnetised by a succession of zuversed currents of 
descending intensity, and the curve of magnetisation is redetermined, 
I find that the two curves differ materially. The demagnetising 
currents do not reduce the iron to its virgin state. For small forces 
the second curve is below the first, indicating less induction for the 
same magnetising force; for medium foroes the second curve is above 
the first, whilst for large forces the two curves agree. 

If a ring be heated with a current through the primary coil and the 
heating be continued till the ring has ceased to be magnetic, if then 
the current be stopped and the ring be allowed to cool, I find that 
the ring is not entirely demagnetised by the heating, but that it 
recollects its state of magnetisation before heating. It would seem 
that the magnetic molecules of the iron, having been directed by the 
magnetising force whilst they were magnetic, retain in part their 
direction when they have ceased to be magnetic by heating, and that 
when they again become magnetic by cooling its effect is apparent.— 
February 14,1889.] 

I have tested a sample of manganese steel, and find that at no tem¬ 
perature above the normal temperature does it become substantially 
magnetic. 


II. “ On a Series of Salts of a Base containing Chromium and 
Urea.—No. 2.” By W. J. Sell, M.A., F.I.C. With 
Crystallographic Determinations by Professor W. J. Lewis, 
Cambridge. Communicated by Professor G. D. LlVElNG, 
F.R.S. Received February 1, 1889. 

In a former paper (‘ Roy. Soc. Proc.,' vol. 33, 1882) a number of 
soltB were described derived from a base formed by a combination of 
chromium with urea. It was stated that the chief product of the 
regulated action of chromyl dichloride on dry urea, and subsequent 
treatment with water, is a green crystalline powder, insoluble in 
alcohol, ether, or chloroform. The compound thus obt&mod contains 
chlorine as an essential component, while, as noted, the product of 
crystallisation from hot water is the pure diohromate of the base. At 
the date of the previous publication the nature of this green salt, as a 
preliminary to the study of the reaction by which it is produced, was 
under investigation. The present paper deals with these subjects,' 
and describes a number of additional salts of the base. 

The failure in the attempt to purify the green salt by crystallisa¬ 
tion from water, added to its insolubility in all other available neutral 
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menstrua, rendered it advisable to make some preliminary analytical 
determinations on the different samples of crude well-washed sub* 
stance. From the results obtained it was evident that the salt was 
either a chloroohromato of chromium urea, or a compound of the 
diohromate and chloride, a conclusion which at once harmonises with 
its genesis, and suggests the trial of dilate hydrochloric acid as a 
possible vehicle for its purification by crystallisation* The purification 
by dilute hydrochloric acid containing one volume of strong acid to 
nine of water, was successful, the numbers obtained on analysis being 
substantially tbe same as those obtained from the crude well-washed 
product of the reaction* The analytical results were satisfied by 
either of the formulas— 

(1.) {(C0N»H*)i»Cr*}^jf 07)9 2H20, 

or (2.) {CC 0 N»H 4 )»Cr*}|g^ 3 C 1 2 H» 0 . 

a 

The latter, however, is regarded as very improbable. 

It is difficult to beliove that a chlorocbromate in fine powder can 
withstand the action of water for weeks without appreciable change. 
The fact also that the hydrochloric acid used in its recrystallisation 
may be replaced by metallic chlorides, such as those of sodium or 
potassium, is against the second formula. Moreover, the decomposi¬ 
tion effected when the salt is recrystallised from water, may be cited. 
A chlorochromate having the formula given in (2) should normally 
decompose, according to the equation— 

{ (CON*H 4 ) ,s Cr,} 2CrO* C1 "*■ H®0 = 2HCl+{(CON^)WCrJ>}2C^ f 

whereas tbe decomposition effected by water is of a totally different 
character, and may be represented thus:— 

8{(CON»H 4 ) u Cr»}^p° T) * = 2{ (CONW) ^Cr 3 } (Cr*07) s 

+{(C0N*H 4 ) u Cr*}Cl*. 

These facte may be regarded as conclusive that formula (1) is the 
more correct representation of this compound, which may be called— 

Dichlordichromaie of Chromium Urea* 

The following reanlta were obtained on analysis:— 

Tbe samples employed were dried by pressure between bibulous 
paper. 
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1. 0*4658 gram gave on combustion 0*18025 gram CO 1 and 

0*168 gram water. 

2. A modification of Liebig's process gave equal volumes of GO 8 

and N. 

3. 0*4005 gram precipitated by mercurous nitrate gave 0*0906 gram 

Cr*0». 

4. 0*5294 grain, treated as in 3, gave 0*1199 gram Ci^O 8 . 

5. 0*4925 gram dissolved in IPO, exoess of El and HC1 added, and 

the iodino titrated with thiosulphate, required 44*6 o.c.; each 

c.c. thiosulphate = 0*00328 gram CrO 8 . 

6. 0*374 gram reduced by snlphurous acid, excess of latter expelled 

by heat, AgNO 8 added, And the whole strongly acidified with 

HNO 8 , gave 0 0789 gram AgCl. 

7. 0*4554 gram, treated as in 6, gave 0*09853 gram AgCl. 

8. 0*42415 gram lost in vacuo over H 2 S0 4 0 0114 gram H 2 0. 

9. 0*3243 gram lost at 100° C. 0 00845 gram IPO. 

10. Two separate experiments gave 33 68 per cent. Ci^O* on ignition. 

Deducting Cr found as CrO 8 , gives 7*56 per cent. Cr. 

The crystals have a distinot oblique habit, but are very ill 
developed, and few of the planes are truly parallel, or in their true 
sones. The measurements and elements are, therefore, but approxi¬ 
mations. They wero obtained from six of the best crystals I could 
find. The crystals arc dark green and have a fairly good cleavage, 
n(I01), porpendicular to the plane of symmetry. 

The system is oblique, and the dements are (100,101) = 49° 2'; 
(010, 111) = 45° 6'; (101,001) = 35° 20'. 

The planes observed are a(100), /(101),c(001), ti(I01), andm(HO). 
The planes l are generally those most largely developed. 



Calculated. 

Observed 

means. 

Extremes. 

oX ... 

0 t 

.. 49 2 

49 l'o 

48 35—50 

ac .... 

..84 22 

84 13 

82 14-84 51 

cn .... 

.. 89 30$ 

39 20 


noj .... 

.. 56 7$ 

55 59 

55 34$—56 22 

cm .... 

.. 59 45 

59 37 

58 46-61 19 

mm x .. 

.. 60 30 

59 51 

57 55—60 33 

ml .... 

.. 70 43 

70 0 


mo .... 

.. 92 50 

92 44 


IHjH .... 

.. 73 41$ 

73 1$ 
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The question naturally arises, “Is the compound last considered 
the initial chief product of the reaction of chromyl dichloride on urea, 
or is it produced from this compound by interaction with the water 
added subsequently ? As at the present time difficulties, which seem 
insurmountable (see below), attend the direct determination of this 
question, and as, moreover, it was suspected that the salt above 
described is the product of the action of water on the chlorochromate 
of the base, it was determined before proceeding further to attempt 
the isolation of such compounds. With this object in view an in¬ 
vestigation was made of tlio action of aqueous hydrochloric acid on 
the compound last considered. As mentioned above, the diohlordi- 
chromate crystallises out unaltered from a hot solution containing one 
volume of strong acid to nine of water. If, however, the quantity of 
acid to water bo increased to one in six, a salt crystallises out as the 
solution cools in brownish-yellow crusts of small crystals. When a 
much stronger acid than one in six is used, tho product is a mixture 
of the browu-yellow salt and green noodles of the chloride. The 
examination of this brown-yellow compound showed it to be the 
dichlortetrachloroohromato of the base having the composition— 

{ (C0N*H*)»Cr»}^/° SC1 3II»0, 
formed from the diclilordichromate by tho following change 
{ (CON*H 4 )} M Or*Q® lS ° 7 +4H01 = {(CONaH*)«Or»}^ r ° SC1 +2n s O. 

The colour of the new salt presents a striking contrast to that of 
the preceding compound. With tho exception of the acid of the 
strength from which it has been crystallised, it is either insoluble 
in, or decomposed by, all the usual solvents. With alcohol 
the chloride of the base is formed, and the usual products of the 
action of chromic acid on that reagent. Water effects immediate 
decomposition, the colour changing to tho characteristic dark green of 
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the diohlordichromate; hydrochloric sold being at the same time set 
free, thus:— 

{(CONW^CrSJ^^+JHSO = { (OOB*JBt 4 ) u Or*} °”+4HC1. 

It is extremely probable that this salt is the chief initial product of 
the reaction between chromyl diohloride and urea, and that the subse¬ 
quent addition of water decomposes it, as shown by the preceding 
equation. Granting that a chlorochromate is formed (and os the 
reaction takes placo in presenco of excess of chromyl dichloride, it is 
difficult to resist this conclusion), the only salt of this character 
which would normally decompose by water with production of the 
dichlordichromate, is the compound under consideration. 

The following results were obtained on analysis. The numbers 
refer to the dry salt, unless stated to the contrary :— 

1. 0*4736 gram salt gave 0*28333 gram AgCl. 

2. 0*7050 „ „ when precipitated with morcurous nitrate 

and the precipitate ignited, 0*14928 gram Ci^O 3 . 

3. 0*3938 gram salt, dissolved in dilute HC1, excess of KI added, 

and the iodine titrated with thiosulphate, required 33*4 c.o.; 
each c.c. thiosulphate = 0*0032459 CrO 3 . 

4. 0*14235 gram, treated as in 3, required 12*2 c.o. same thiosul¬ 

phate. 

5. 0*4054 gram moistened with alcohol, dried and ignited, gave 

0*12925 gram Cr*0 3 . Deducting from this tho Cr existing as 
CrO 3 , gives 10*74 Ci^O 3 , or 7*000 per cent. Cr. 

6. 1*1153 gram undried salt lost in vacuo over sulphuric acid 

0*03885 gram H 2 0. 

7. 0*7766 gram undried salt lost at 100° C. 0*0236 gram H*0. 


Theory. 

Analysis. 



Per¬ 

centage. 

■ 

2. 

3. 

4. 

6. 

6. 

n 

C 12 . 

H". 

N». 

o 13 . 

Cr 8 . 

(CrOV* * • 
Cl 6 . 

144*0 
48*0 
330*0 
102*0 
104*0 
401 *0 
213 0 

7-28 

27-90 

14-79 

8-61 

14-78 

27-68 

27*53 

27-'es 

7*00 

3-48 

8*68 

8H s O »• •. 

1499*4 

64*0 

1493*4 
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The direct deoision of snob an apparently simple matter as the 
composition of tbe chief initial product of the reaction has, up to the 
present time, been found to be impossible. No reagent or, mixture of 
reagents has been discovered which at onco dissolves any excess of 
materials used and the other products of the reaction, without pro¬ 
ducing some change in the composition of the chief product. 

A careful examination of the reaction between chromyl dichloride 
and urea was made by taking known weights of the materials, col¬ 
lecting and measuring the gaseous products, and after the addition 
of water to the residue, estimating the dichlordichromate produced, 
as well as the other products which pass into solution. The dichlor¬ 
dichromate was then calculated as dichlortetrachlorochromate. 
Without going into a mass of detail, it may be stated that tho results 
of the examination gave numbers very nearly agreeing with the 
equatiou— 

13CO(NH s ) 3 +9CrO®Cl 3 = {(CON®H*)i®Cr®} J^/ 0301 + Ci^Cl* 

+H*CrOH H 3 0 + CO a +N*+3Cl 3 . 

With regal'd to the preparation of those substances, it may be well 
to note that the reaction of chromyl dichloride on urea succeeds best 
in narrow test-tubes, working with about 3 grams of urea. On a 
larger scale the reaction becomes very difficult to control, and decom¬ 
position more or less complete is very liable to ensue. On the other 
hand, unless the reaction is fairly vigorous and tho temperature 
allowed to rise, little or none of the compound is produced. 

A considerable amount of time has been taken np in attempts to 
prepare this class of compounds by some modification of the above 
process which should present less complexity, and thus offer Eomo 
hope of arriving at their constitution. Passing over the unsuccessful 
attempts, it was discovered that tho dichromate of the base may be 
obtained by the action of chromic acid on urea. In the month of 
September of last year three separate portions of nearly equal 
weights of area and chromic anhydride were dissolved in a small 
quantity of cold water, the solutions covered with filter-paper, and 
allowed to stand at the ordinary temperature. 

On examination in March tho solutions had changed colour, become 
quite thick from evaporation, and on addition of water a small quan¬ 
tity of sparingly soluble green crystals were found to be left. These, 
when separated and recrystallised from hot water, had all the cha¬ 
racters of the dichromate of the base, and gave on ignition 41‘32 per 
cent, of C^O 3 , against 41*43 as required by theory for the dioliro* 
mate. It was subsequently found that the dichromate may be formed 
in some quantity by evaporating the aqueous solutions of the mixed 
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substances at about 60° 0, The nature of this change is at present 
under investigation. 

In addition to the forogoing, the following new compounds have 
been examined:— 


The Chrom ite . 

This compound separates from a warm saturated solution of the 
dichromate, cautiously neutralised with ammonium carbonate, in long 
dark-green needles. The crystals are very efflorescent, and rapidly 
become opaque from loss of water. They are sparingly soluble in 
cold, more readily in hot water, undergoing at the same time slight 
decomposition, with separation of brown flocks of chromic chromate. 
The salt is insoluble in alcohol, ether, carbon disulphide, and benzene, 
and has the composition (GGTSmy*Cv*SGrOHWO. 

The following results woro obtained on analysis. The salt was 
dried by pressure between bibulous paper:— 

1. 0*3274 guam salt lost in vacuo 0*019G gram H e O. 

2. 0*3274 „ ignited loft 0 0994 gram CrW = 30*36 per 

cent. Deducting Cr existing as CrO 3 , leaves 11*94 Cr®0 3 , or 
8*18 per cent. Cr. 

3. 0*5465 gram salt lost at 100° 0. 0*03315 gram H®0. 

4. 0*5465 „ ignited gave 0*16585 gram CrW = 30*34 per 

cent. Subtracting Cr existing as CrO 3 leaves 11*92 Cr 9 0 3 , or 
8*17 per cent. Cr. 

5. 0*4774 gram salt, dissolved in dilute HC1, excess of KI added, 

and the iodine estimated by thiosulphate, required 35*62 c.o.; 
each c.c. thiosulphate = 0*0032459 CrO 8 . 


Theorj. 

Analysis. 


Percentage. 

D 

2 . 

8. 

4. 

5. 

CrO". 

Buio Cr. 

IPO. 

IKfiS 

| 

.. 

8*18 

8**0G 

8*’l7 

24*21 


The Bromide. 

This compound is conveniently prepared from the diohlorohromate 
by first forming the very soluble acetate by double decomposition 
with lead acetate, filtering off the mixture of lead chromate and chlo¬ 
ride, and precipitating the bromide from the filtrate by dissolving in 
it crystals of potassium bromide. The drained and washed preoipi- 
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t e/tp) recrystallised from warm water, separates in bright green 
prismatic crystals containing 6 mole, of water of crystallisation. The 
salt is tolerably solable in cold, freely in hot water, insoluble in strong 
solutions of alkaline bromides, and in the usual organic menstrua. 
It has the composition {The following 
resnlts wore obtained on analysis :— 

1. 1*403 gram lost in vacuo 0*108 gram, and no further loss was 

sustained at 101° G. 

2. 1*18515 gram dissolved in water, the Cr separated by boiling for 

some time with precipitated ohalk, and after filtration the 
filtrate made up to 250 c.c. Mean of four concordant titra¬ 
tions with AgNO 3 required 10*17 c.c.; each c.c. AgNO 3 = 
0 0035293 CL 


1 

Theory. i 

1 

Analysis. 


Percentage. 

1 . 

2. 

u*o. 

7*61 

7-62 


Br. 

33-97 

84-n 




Dark-green crystals, in which the/{3ll} planes were most promi¬ 
nently developed. The planes and a{10l} were about equally 

developed; and the planes 5{2ll} and r{100} were all small, and 
these latter did not seem to be present on all the crystals. The habit 
of the crystal rendered it a little puzzling to decipher the symmetry 
by inspection. 
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The principal zones measured were those containing poles a, f, t, 
and these angles were alone depended on in determining the element. 

Calculated. Observed. 

O I 0 1 

of = 41 2} 41 2}, mean of 14 observations. 

fs = 48 07} 48 58 „ 12 

~bf = 20 26 Approximations to these angles were 

ft = 36 40 obtained on a somewhat altered 

re = 65 27 crystal. 

Jb - 48 27 

D = or = 23 54 

No cleavage was perceived. 

The Iodide. 

This salt was j#epared from the diohlordichromate by precisely 
the same method as the bromide, only that potassium iodide replaced 
the bromide. It crystallises from water in long brilliant green 
prisms, free from water of crystallisation. It is insoluble in the usual 
organic solvents. 

The compound has the composition (CON 3 H 4 ) ia Cr*l®, and gives 
the following results on analysis:— 

1. 0750 gram salt lost no appreciable quantity of water in vacuo 

or at 104° C., and is therefore anhydrous. 

2. 1*18 gram salt dissolved in water and made up to 250 c.o. The 

mean of four concordant titrations with silver nitrate on 
portions of 50 c.c. each required 8*95 o.c.; each c.c. AgNO 1 
= 0*0085293 Cl. 

Percentage calculated. Percentage found. 

I 48*02 . 47*88 

The crystals are of a brilliant green oolour, in long prisms termi¬ 
nated by rbombohedral planes, often unequally developed. 

The forms observed were a{10l} well developed, b {211} very 
minute, and r{100}. 

The element D =s or was found by calculation io be 24° 30}'. 
Calculated, Observed, 

o * O I 

or ■= 68 57 68 58. mesa of 8 measurements. 

rrj= 42 6 42 5} „ 3 

aa^~ 60 0 59 59f 6 ,, 




1889.] On Salts of a Base containing Chromium and Urea , 831 

The Ferricyanide . 

This compound is precipitated in olive-green needles on the addi¬ 
tion of potassium ferricyanide to a soluble salt of the base. The salt 
is sparingly soluble in cold, more readily in hot water, from which it 
crystallises in long prismatic crystals, having the composition 
(CON 2 H 4 ) ls 0r 2 2FeC fl N 6 8H B O. 

Tho following results were obtained on analysis:— 

1. 0*3501 gram gave in vacuo 0 0351 gram H 2 0. 

2.0*3501 „ „ on ignition 0’0790 gram Cr 3 0 :i -fFe 2 0 a . 

3. 0*3418 „ „ at 100° C. 0*0343 gram H*0. 

4. 0*3418 „ „ on ignition 0 0777 gram Ci^O 8 + Fe 2 0*. 


1 

Theory. 

| Analysis. 

i 

j Percentage. 

I 

2 . 

3. | 4. 

H*0. 

Cr*0 3 + IVO 3 . 

' 1033 

. aa-4(j 

10 02 

' ___ 1 

2256 

10*04 1 

22*73 

1 ! 


The Feirocyanide. 

This compound is precipitated in green needles, when a soluble 
ferrocyanide is mixed with a soluble salt of the base. The crystals 
are very sparingly soluble in water, cither hot or cold, and insoluble 
in the usual organic solvents. 

The examination of the substance led to the formula 

being assigned to it. 

The following results were obtained on analysis:— 

1. 0*2396 gram salt gave in vacuo 0 0279 gram H 3 0. 

2.0*2396 „ „ on ignition 0 0504 gram CrW+Fe^) 8 . 

3. 0*4387 „ „ in vacuo 0*0524 gram H 8 0. 

4. 0*4387 „ „ on ignition 0*094 gram Cr s 0 3 -fFo s 0 3 . 


Theory. 

Analysis. 


Percentage. 

1. 

2. 

3. 

4. 

H*0. 

11*80 

21 *05 

i 

11‘64 

21*03 

i 

11 *90 

21 *42 

Or*0* + Fe*0 J . 
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The Picrate . 

The addition of an aqueous solution of picric acid to a solution of 
any of the salts of the base produces an immediate separation of the 
picrate in the form of beautiful green-yellow needles. The salt dissolves 
readily in alcohol, sparingly in benzene and water, and is practically 
insolnblo in chloroform. The compound recrystallised from water 
has the composition— 

(C0N 2 H 4 ) 18 Cr 3 (C e H 3 (N0 2 ) 8 0) fl 8H 8 0. 

The following determinations were mode:— 

Found Calculated 

(per oent.). (per cent.). 

H>0.{^7} sol 

Cr 2 0 8 . 5-35 5*34 

a 

Double Salt of the Chloride with Mercuric Chloride . 

When solutions of the chloride of chromium urea and mercuric 
chloride arc mixed, a beautiful pale-groen crystalline procipitate is 
produced, consisting of micaceous scales. The compound ih very 
sparingly soluble in cold, very moderately in hot water, and insoluble 
in the usual organic solvents. The crystals are anhydrous, and may 
bo represented by the formula (CON^H^^Ci^Cl^HgCl 3 . 

The following results wore obtained on analysis:— 

1. 1*7738 gram salt ignited with lime gave 0*789 gram metallic 

mercury. 

2. 2*542 gram salt ignited with lime gave 1*1339 gram metallic 

mercury. 

3. 0*599 gram salt ignited alone gave 0*0352 gram Cr®0 3 . 

4. 0*9321 „ t9 » 0*0553 „ „ 


Theory. 

Analysis. 


Percentage. 

D 

2. 

8. 

D 

Hg. 

wo 3 . 

48-04 

5-73 

44-49 

44*6 

6 07 

1 

5*93 


Double Salts of Oxalate of the Base with Chromium Oxalate No . 1. 

In attempting to prepare the oxalate of chromium urea from the 
acetate by the addition of a cold saturated solution of ammonic 
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oxalate, there was slowly deposited daring several days a quantity of 
very dark-green, almost black, crystals with exceedingly bright faces. 
The crystals on examination were, however, found to be a doable 
oxalate of the base with ohromium oxalate, having the formula 

They are very sparingly solable in eold, more readily in hot water, 
and insoluble in the usual organic solvents. 

The following results were obtained on analysis 

1 . 0*4217 gram gave 0*0187 gram IPO. 

2 . 0*4217 „ „ on ignition 0*0818 gram Cr* 0 3 . 

3. 0*14165 „ „ on combustion 25*06 o.c. N and 48*27 c.o. CO® 

at 0° C. and 760 mm. 


Theory. j 

___ .. _ii 

Analysis. 


Percentage, 1 

1. 

2. 

3. 

Carbon . 

Nitrogen. 

Water. 

CriO*. 

18*82 j 

21*96 

4*70 

19 *38 

.« 

4*43 

1 

• 1 

* l 

19*37 

18 *31 
22*19 


This substance crystallises in the rhombic system, and has q well- 
marked homihedrism with inclined faces. The crystals consist of 
well-developed prisms with a large deeply striated brachypinakoid, 
terminated sometimes by six planes, sometimes by four equally 
developed planes, and sometimes by two prominent planes of * ( 111 ), 
with other minor planes. The form (210) is also present, but the 
planes of this form are dnll and deeply striated. The prism planes 
are also sometimes considerably striated, but the striations on m and 
U 4 on the same crystal or on the parallel faces do not as a rule cor¬ 
respond. The development of the crystals is to a certain extent 
shown by tho accompanying diagrams, figs. 1 and 2, which repre¬ 
sent some of the crystals measured by me. The prism in fig. 2 is 
placed horizontally for showing the hemi-pyramids more distinctly. 
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Fie. 1, 


Fig 2. 


The forms found are a 100, l 210, m 110, p *(111), n 101, 

tk{ 101 ). 

The elements are:— 

010, 011 = 59 51; 001, 101 = 22 58; 100, 110 « 53 43; 

or a : b : c = 13705 : 1 ; 0'580843. 

The angles observed are compared in the following table with those 
calculated from the elements:— 



Calculated. 

Obsoivecl. 

r am . 

.. 53 53 


vim .. . 

. 72 14 

72 18* 

Um . 

.. 19 27J 

»»i p . 

.. 54 17 

54 13* 

ppi . 

.. 71 26 

71 27* 
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Calculated. 

Observed, 


O / 

O i 

an .... 

.... 67 2 

67 1 

»«! ... 

.... 45 56 

45 50$ 

rr» ... 

.... 46 55} 

46 48$ 

np .. * 

.... 28 8 

28 14$ 

Up ... 

.... 75 8$ 

75 3 

rr x ..« 

....102 4} 

102 12 

pwn ... 

_ 76 42-2 

76 46 

nr^ ... 

_ 61 88-3 

61 48 

\~T x m ... 

_ 41 89-5 

41 28 

r*i»i • • • 

_ 71 134 


»,p... 


52 6 

Lpj, ... 

. 56 36*8 

56 42 

Fii ••• 


40 215 


The striations on the planes a and l were parallel to their intersec¬ 
tions, and rendered the readings obtained from them in the zone 
[aim] valueless, cxoepfc lor the sake of identification. No distinct 
cleavage was observed. 

No. 2. 

The foregoing experiment having failed to give the pure oxalate, 
recourse was had to the decomposition of the pure chloride with 
silver oxalate. The two substances warmed together with' water 
for some time and filtered gave an abandant crop of dark-green 
ciystals belonging to the anorthic Bystem. Examination showed, 
however, that the salt differed from the preceding one only in con¬ 
taining more water of crystallisation, and that it readily parts with 
the latter even in a corked tube, becoming less soluble and possibly 
forming the preceding compound. This substance, which has the 
composition gave the follow¬ 

ing results on analysis:— 

1. 0 5113 gram lost in vacuo 0*1347 gram H s O, and suffered no 
farther loss at 100° C. The dry salt ignited left 0'0788 gram 
CrW 

Calculated. Found. 

H 9 0 in 100 parts. 26 36 26*34 

0r*0 8 „ . 15*43 15*41 

The crystals are dark-green in colour, and have bright and for the 
most part well-developed faces. They seem to have no good cleavage. 
They crystallise in the anorthic system, and the zones [mn], [cbdt] 
are those most largely developed, and give the habit of the crystals. 
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The planes m % *, and c, though, as a rale, much more largely 
developed than any others, were somewhat imperfect and often gave 
several images. Hence it has been necessary to combine all the 
observations in order to obtain satisfactory elements. The following 
elements were nltimately selected, as those which agreed best with the 
observations. From these elements the axial constants commonly nsed 
by Continental crystallographers have boon determined, and they and 
a table of computed and obsorvod angles are subjoined :— 

Fig. a. 


Forms observed (fig. 3):—a{100}, w{110}, aj{3l0} ?, 

c{001}, Z{01I} t fc{012}, d{021}, j?{3l2}, ${311}, /{311}, ${312}, 

*{314}. 

Elements:—(100,110) 38° 33*'; (110, 010) 32° 2f'; 

(010, 011) 40’29'; (011,001) 43° 5*'; 

(001, 101) 35° 27'; (101, 100) 40° 21'. 

or A = 88° 5§'; B = 77° 10'; C = 71° 33', 

and a : l : c = 1*20403 ; 1 ; 1*0238. 



Calculated. 

mm . 

o 

38 

asi 

mast . 

61 

31 

. 

99 

»n 


80 

221 


32 

21 

eft. 

20 

16* 

w . 

33 

8* 

Pd . 

60 

25 

dl . 

70 

481 

k\ . 

40 

61 

<1,010. 

24 

0 


84 

48*4 


Observed 

(means). 


Calculated. 

& 

3& 

. 

26 




fa . 

47 

261 

90 

27 

mg . 

73 

631 

80 

291 

md ...... 

34 

46* 



ftw.i 

66 

6* 

26 

21 

mK . 

61 

18 

33 

8 

*»i . 

62 

831 

69 

26 




70 

43 

v . 

60 

84* 

49 

62 

la . 

86 

88 



s% . 

68 

49} 



A . 

66 

86 

84 

66 




Observed 

(means). 


26 30 

47 24 

34 67 

66 6 
61 161 

62 87 

60 401 

66 431 

63 86 

66 341 
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The Periodide. 

When a warm solution of iodine in potassium iodide is added to 
a warm and moderately concentrated solution of the normal iodide, a 
considerable crop of crystals separates out on cooling in transparent 
brown-red micaceous scales. If, however, the solutions are heated to 
near the boiling point before mixing, or are more dilute, especially if 
the quantity of iodino added is small, the crystals deposited aro in the 
form of long opaque black needles, having a well-marked green 
reflection, which is, to a certain extent, lost on drying. Not unfre- 
quently, however, both forma aro deposited from the same solution. 
Tho apparent dissimilarity of form and general appearance led to the 
analysis of the two modifications being conducted separately. The 
numbers obtained, however, are identical, and lead to tho formula 
(CON^H 4 ) 1 ^!* 2 !^! 8 , being assigned to this remarkable substance. 
The difference in appearance of the two forms iB possibly due to 
certain of the faces in one being differently developed to those in the 
other. Both yield apparently identical crystals when deposited by 
spontaneous evaporation from alcoholic solutions, or from the nearly 
boiling solution in aqueous potassium iodide. 

The substance dissolves freely in alcohol, very sparingly in benzene, 
and is scarcely affected by chloroform, only just sufficient being dis¬ 
solved to communicate a violet colour. 

The Periodide (Bed-brown Transparent Six-sided Plates). 

1. 0‘1849 gram Balt loaves on ignition 0*00895 gram Cr*0 8 , 

2. 0*2703 gram Balt, dissolved in dilute sulphurous acid, wanned to 
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expel excess, the iodine then precipitated (by AgNO®, and 
whole pretty strongly acidified with UNO®, gave 0*36523 gram 
Agl. 

3. 0*6262 gram salt, treated exactly as in 2, gave 0*84773 gram 
Agl. 


Theory. j 

Analysis. 




2. 

3. 

Cr. 

3*88 

73*48 

3*31 

* i 

73*006 

78*148 

I....... 



The Periodide {Black Long Needles). 

1. 0*2655 gram Staves on ignition 0*01305 gram Cr^O*. 

2. 0*3818 gram, dissolved in snlphnrons acid, excess of latter ex¬ 

pelled by heat, silver nitrate added, and whole acidified with 
nitric acid, gave 0*5191 gram Agl. 

3. 0*1748 gram, treated exactly as in 2, gave 0*23665 gram Agl. 


Theory. 

Analysis. 

| Percentage. 

1. 

2. 

3. 

Cr. 

3*3« 

73*48 

3 *36 

• • 

73*43 

73*10 

I. 



Periodide of Chromium Urea {Crystallised from Alcohol). 

The periodide is crystallised for the moBt part in Bimplo hexagonal 
prisms terminated by the base. The crystals formed on another 
occasion bad the same habit with the edges of the base terminated by 
narrow planes p and rr. The system is rhombohedral, and one small 
crystal was observed with several well-developed planes on it. 
This crystal consists of the forms o(lll), r(100), 2(122), p(722), 
r(544), 6(211), a(10l). Badly developed planes were also observed 
on a few other crystals. They are (8li), (922), and as(52l). The 
following table gives the observed angles, as also the angles calculated 
from the element D = 33° 88'. 
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Calculated. 

Observed. 


.... 60 6 

59 58 

h t4 h t ... 

>1 

60 2 

or = nz ... 

_ 33 38 

33 38 (mean of 4 measurements.). 

o(8lI) .... 

.... 44 SC* 

44 34 

u(922) ... 

.... 55 394 

55 49 

Op = ov . . . 

_ 63 23 

63 294 

oft ... 

. 90 0 

90 84 (mean of 5 measurements.) 

rz ... 

.... 32 84 

32 6 

ox . . . 

. 29 57 

30 5 

bx ... 

.... 64 23 

65 3 

xb .. . 

....115 37 

115 8‘ 

b /4 x ... 


63 384 


No satisfactory cleavage was perceived on the crystals. 


The Sulphatoperiodule. 

This salt is precipitated in silky yollowish-brown needles when a 
solution of iodino in potassium iodide is added to a solution of the 
sulphate or any other salt of the base containing sulphuric acid. It 
is practioally insoluble in cold water, dissolving, however, to a small 
extent in hot water from which it crystallises on cooling in brown 
needles. The solvent action of water is not materially affected by the 
presence of potassium iodide, and it is insoluble in the usual neutral 
menstrua. On boiling with water the compound is decomposed, 
iodine to the extent of about two-thirds of the total amount preseut 
escaping with the steam. The composition of this remarkable salt 
would appear to be (CO.^H^^Cr^CSO 1 2 3 4 5 6 )^! 4 . 

The following results were obtained on analysis:— 


1. 0*48315 gram salt gave 0*375 gram silver iodide. 

2. 1*05455 ), ,, 0*824 „ „ »> 

3. 1*204 „ „ 0*3248 „ BaSO*. 

4. 0*6785 „ „ 0*1843 „ „ 

5. 0*3282 „ „ 0*02965 „ Cr*0*. 

6. 0*6503 „ * „ distilled with water, the evolved I collected 

in KI, titrated with thiosulphate, required 12*13 c.c. (each 
o.e. = 0*014035 gram I). The residual liquor gave 0*17542 
gram Agl and 0*00805 gram Ag. 
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Theory. 

Analysis. 


Percentage- 

1. 

2. 


a 

G. 

6. 

Total iodine ... 
SO 4 . 

42‘83 
10‘78 

8'59 

41-93 

43*24 

11*11 

11*18 

•• 

42*82 

evo 5 . 



9 03 


Iodine expelled 
with water.. . 

by boiling 





26*18 

• Iodine remaining in liquor.. 

** 

•• 


•• 

•• 

16*14 


Carhonatuperiodide No. 1. 

When a solution of tho normal iodide is mixed with ammonium 
sesquicarbonate and a solution of iodine in potassium iodide carofully 
dropped in, a yellowish precipitate is produced consisting of fine 
silky needles, 'fhe crystals are insoluble in water and other neutral 
solvents, and decomposed by acids with effervescence and separation 
of free iodine. Examination of this remarkable substance led to the 
formula (C0N 2 ll 4 ) ls Cr 2 (C0 3 ) 2 I 4 being assigned to it. 

The following results were obtained on analysis:— 

Tho numbers refer to the compound dried in vacuo over sulphuric 
acid. 

1. 0*4178 gram gave 0*27695 grain Agl. 

2. 0*6570 „ 0*4375 

3. 0*6158 „ on treatment with HC1 0*036 gram CO 3 . 

4. 0*5217 „ on ignition 0*0547 gram Cr^O 3 . 

5. 0*341 gram dissolved in dilute HC1 required 4*15 thiosulphate; 

each c.c. = 0*0380975 I. 

6 . 0*198 gram dissolved in dilute HC1 reqnirod 2*45 c.c. same 

thiosulphate. 


Theory. 

Analysis. 


Percentage. 

1. 

2. 


D 

a 

6. 

Iodine (total).. 
CO*. 

84*8 6 
0*00 

7*22 

■N 

- 17 « 

j 

36 88 

• • 

35-98 

6*84 

4 e 

i • 

7*18 

1 m S 

18*89 

19*28 

Or . 

Iodine (liberated 
by HOI) not 
required for 
normal eom 
pound. 
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Carbonatoperiodide No, 2. 

When in the preparation of the preceding compound the quantity 
of the base has been considerably diminished by precipitation, the 
further addition of iodine no longer produces a yellowish but a well- 
marked brown precipitate consisting also of fine needles. The brown 
colour is not due to admixed periodide, as it is perfectly unaffected by 
alcohol or aqueous solution of potassium iodide, moreover it was 
formed in the presence of a considerable excess of ammonium sesqui- 
c&rbonate. 

The crystals aro insoluble in all neutral menstrua, and decomposed 
by hydrochloric acid with effervescence and separation of free iodine. 

The analyses are rather unsatisfactory, but point to the formula 
(C0N3H4)i2Cr3(C03)2I« 

From the nature of the c&so it is well nigh impossible to see wlion 
the precipitation of one compound ends and the other begins, and 
thoro is no doubt that tho sample analysed contained somo of the 
preceding compound. A better result would probably have been 
obtained by adding the dilute solution of the normal iodide to the 
solution of iodine and ammonium sesquic&rbonate, so as to maintain 
an excess of iodine. 

The following results were obtained on analysis :— 

The compound was dried in vacuo ovor sulphuric acid. 

1. 0*4381 gram salt left on ignition 0*0423 gram Cr^O 3 . 

2. 0*650 „ lost on treatment with HCl 0 0343 gram CO*. 

3 . 0*423 „ dissolved in dilute sulphurous acid and iodine 

precipitated with AgNO 3 0*3269 gram AgT. 

4. 0*407 gram gave 0*3143 gram Agl. 

5. 0*3056 gram dissolved in dilute HCl added. 


Theory. 

Analysis. 


Percentage. 

1 . 

. 

2 . 

3. 

4. 

6 . 

Or.. 

CO*. 

Total iodine ... 
Iodine (liberated 
by HCl) .... 

0*14 

6*27 

44*64 

29*76 

6*61 

• • 

• • 

6-27 

1 

• • 





The Perbromide . 

When a solution of the normal bromide or any other salt of the 
base is mixed with bromine*water, or better a solution of bromine 
in aqueous potassium bromide, a precipitate consisting of large bronze- 
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yellow plates is produced. This beautiful oompound is sparingly soluble 
in cold, more readily in hot water, especially in presence of alkaline 
bromides, and crystallises out in large prismatio aggregations; 
alcohol especially when warm takes up the substance, freely decom¬ 
posing it and depositing the normal bromide, a similar result being 
obtainod with ether and carbon disulphide, in which, howevor, it is 
much leBS soluble. The crystals rapidly lose bromine on exposure to 
the air, yielding bright-green psoudomorphs of the normal bromide. 
A specimen of the compound in the form of micaceous scales exposed 
for three days over lime gave 3G*5 per cent, of bromine, against 36*78 
required for the normal salt. 

Analysis leads to the conclusion that this substance has a similar 
composition to that of the periodide, viz., (OON 9 H 4 ) 12 Cr 2 Br fl 6Bi' 3 . 

The following determination was made :— 

1'26G8 gram salt was dissolved in dilute sulphurous acid, and all 
excess of tho latter expelled by heat. The solution was mixed 
with excess of silver nitrate, and the whole pretty strongly acidified 
with nitric acid, gave 1*91468 gram AgBr. 

lVrcentage calculated. Percentage found. 

Br. 63-58 6416 


Sulp hatoperbromide. 

This compound is precipitated in green needles when a solution of 
any salt of the base is mixed with diluto sulphuric acid and bromine- 
water added. It iB sparingly soluble in water, and loses bromine 
gradually on exposure to tho air. The composition is similar to the 
sulphatoperiodide, viz. :— 

( C ON 2 H 4 ) 18 Or 9 ( SO*) 2 BA 


This requires per ceut.:— 

SO*. 12-82 

Br. 32*06 


Found. 

12*97 

34*16 


The well-marked crystallisations presented by the substances here 
described, prove them to be definite compounds. Their empiric 
formulae, as derived from analysis, are as to complication such as 
chemists have been wont to expect only in organic substances; and 
the rational formulae provisionally assigned to them would hardly 
have suggested themselves without the clues afforded by the materials 
and processes employed in their fonhation. The examination of tho 
decompositions which they undergo under varied conditions, is a 
problem little more than touched upon, and the same may be said of 
the action of chromyl dichloride on substituted ureas, including 
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thiooarb&mide. It is hoped, however, that the work at present in 
progress on this and kindred points will throw some light on the 
relation which the chromium bears to the rest of the elements in these 
complicated compounds. 

The remaining crystallographic determinations refer to compounds 
described in the former paper (* Roy. Soc. Proc.,’ vol. 33, p. 267). 

Platinum Salt of Chromium Urea . 

These crystals are minute prisms of yellowish-green colour, and 
belong to the rhombohedral system. They are combinations of the 
forms (10l), (111), and (100). 



Calculated. 

Observed. 

aa } . 

. 6°0 6 

O i 

60 1 

oa . 

. 90 0 

90 4i 

a x r ....... 

. 72 44 

72 42 

"i. 

. 34 32 

34 31 

or . 

. 20 2-6 

20 3 


The crystals wore too minute to rouder any experiment for cleavage 
possible. 

Chloride of Chromium Urea. 

In emerald-green stout crystals belonging to the rhombohedral 
system. They are combinations of the hexagonal prisms (I0l) with 
(111) and (100) (figs. 1 and 2). 

Fie. 1. 


Fie. % 
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The angles of the prism varied considerably, the range being 
between 60° 28' and 59 s 19'. 



Calculated. 

Observed. 

ao ... 

. 9°0 6 

4b 6 

ar .., 

. 90 0 

90 6 

To.., 

.. 42 47 

42 47 

oe ... 

. 25 3 


ar . ., 

. 53 58 

53 53 

rr x .., 


72 7* 


The crystals seem to have no cleavage. 

Nitrate of Chromium JJrea. 

The crystals^re o! a dark-green colour, and are only translucent in 
moderately thin plates. They belong to the oblique system, and have 
a very perfect and facile cleavage, perpendicular to the piano of 
symmetry. This cleavage plane, though absent, or at any rate very 
infrequent, as a natural plane, has been selected as the base. The 
planes o(491) are much striatod, parallel to their intersection with 
one another, and give very bad reflections. The general habit 
of the crystals simulates that of a crystal of the rhombohedral 
Bystem with two rhombohedral forms. The faces p( 212) give the 
best reflections; the faces q( 212) are not well developed, and the 
reflections are indifferent. The accompanying diagrams show the 
forms present. Fig. 1 is an orthogonal projection on the plane of 
symmetry. 


Fxo. 1. 
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Fiq. a. 


a(100), c(001), 1(010), p(212), g(2l2), o(491). 

Element*) and Angles. 

(100,101) = 51° 47*'; (010,111) = 43° 27$'; (001,101) = 60° 22'. 
a :b : c = 1*214 : 1: 1*343. 

Circulated. Observed. 

pp 1 . 55 38 55 41 

gg, . 30 10 39 4 

qb . 70 25 69 8 approx. 

ap . 56 50 57 0 

pq . 86 14 86 23 

pq . 93 46 93 45. 

qai . 36 56$ 36 53* 

cp . 64 4 61 4 

pr^ .115 56 116 4 

pq x . 75 41 75 38 

pq x .104 19 104 28 

. 40 15 

ao . 70 17* 70 6 

oO] .109 42* 110 39 

co . 93 10 93 42 

o^o . 86 50 86 8 

go . 85 15 85 46 

og . 94 45 94 15 

po . 47 27 47 24* 

po j. 78 30 from 76 12 to 78 J 44' 

ea .112 9* 112 2 
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HI. 44 Effect of FlooivDeafening on the Sanitary Condition of 
Dwelling Houses” By Miss Etta Johnstone, University 
College, Dundee, and Thos. CARNBXLEY, Professor of 
Chemistry in the University of Aberdeen. Communicated 
by Sir IL Rosooe, F.R.S. Received February 7,1889, 

“Deafening” is the material which is laid upon boards fitted in 
between the joists of a floor to prevent the passage of sound into the 
room below. This material is used largely on the Continent and in 
many parts of this country, especially in Scotland, and is supposed 
to consist of a mixture of coarse mortar and smith’s ashes, but 
in general it appears to be of a much more questionable nature, 
particularly in the case of low-class houses. It is also supposed by 
some builders to prevont the passage of smell; but houses are known 
to have beexf rendered uninhabitable by its presence, the cinders, 
which form the great bulk of the substance, being more or less 
contaminated according to the place whence obtained and other 
attondant circumstances. 

With the object thorofore of ascertaining whether this material was 
a serious factor in the pollution and vitiation of the air of dwelling- 
houses, we undertook the analysis of a number of samples from 
various classes of houses in Dundee, and the results obtained are 
recorded in the present paper. 

Carnelley, Haldane, and Anderson (‘Phil. Trans.,’ B., vol. 178 
(1887), pp. 61-111) have proved that the number of micro-organisms 
habitually present in the air of a dwelling-house increases with the 
age of a building. Indeed, some of the older buildings become 
perfectly infested with them, as shown not only by the results 
obtained by the above observers in houses and schools in Dundee, but 
alpo by those of Miguel in old and new houses in Paris. Indeed, this 
floor-deafening when impure would appear to be a remarkably good 
medium for tlio propagation of bacteria, other conditions being 
favourable. 

Dr. Emmerich, of Leipzig, some years ago (‘ Zeitsclir. f. Biol.,’ 1882) 
made experiments on the effects of this stuff with regard to the air of 
rooms, and also analysed numerous samples of pure material, some of 
which were obtained from new buildings on completion, and some 
from inhabited houses. He found that on washing the floors of 
rooms, shutting them up for some time, and then examining the air, 
there was a great increase of carbonic acid* which must have been 
dae to the putrefaction set up by the moisture on reaching the 
deafening, as all other known sources of carbonic acid were exdnded. 

As a result of his investigations, he concluded that 41 there exists 
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nowhere in nature, not even in the neighbourhood of human dwellings, 
a (natural) soil bo highly contaminated with nitrogenous organio 
substances and their decomposition products as the deafening material 
under the floor of dwelling-rooms." 

As some of Emmerich’s results appear to havo been called in 
question, and for the purpose of ascertaining whether a similar state 
of matters exists in houses in this country, we obtained samples of 
deafening from dwellings in different parts of Dundee, through the 
kindness of Mr. Kinnear, of the Sanitary Department. Some of 
these were taken from ordinary middle-class houses, others from one-, 
two-, and three-roomed houses of the poorer class, while two were 
obtained from houses (in Fish Street, Dundee) about 200 years old, 
and occupied by the poorest class of artisans. Tho deafening from 
the lower class of houses, and especially that from the oldest houses, 
had a most disgusting and filthy smell. All the housos examined, 
even those of the better class, had been built and occupied more than 
twelve years. For analysis the material was passed through a wire 
sieve of ^-inch mesh, and the percentage of fine dust and coarse 
lumps noted. The fine dubt was bottled, and the following sub¬ 
stances determined therein by the usual methods:—(1.) Moisture. 
(2.) Total combustible matter (exclusive of moisture). (3.) Chlorine. 
(4.) Nitrogen. 

The results are given in the following table:— 


2 k 
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• These booses were about 300 years old, and are now pulled down* 
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t 

The above results show 

(1.) That the quality of the deafening, as indicated by the per¬ 
centage of chlorine, nitrogenous organic matter, and combustible 
matter, runs strictly parallel with the olass of house, being by 
far the worst in the one-roomed houses, and the best in the 
largest houses. 

(2.) That the deafening employed in ordinary middle-class houses 
is in almost all cases practically free from nitrogenous organio 
matter and chlorides, and from any disagree&blo smell, so that 
no objection can bo raised to the UBe of deafening of the 
quality we have examined in this class of house. 

(3.) In the poorer class of houses (of three rooms and under) 
nitrogenous organic matter and chlorides are always present, 
tho percentage being especially high in the older houses, while 
in many cases the smell is very objectionable. From this it 
would#ppear that the air in such houses may be very seriously 
polluted by the deafening, and thus give rise to ill-health. 

In reference to tho above results we may remark: (1.) That the 
cinders, which form the bulk of the deafening used in better class 
houses are probably of good quality, owing to their being obtained 
from a non-contaminated sonree, whereas in the poorer class of houses 
inferior materials (and possibly ash-pit refuse, Ac.) will doubtless be 
made to serve for filling up the deafening space. (2.) The carpets in the 
better class of houses are not usually lifted of tone r than twice a year, 
and of course the floors can only be washed at those times, so that the 
necessary condition of moisture for the growth of micro-organisms is 
not present to tho samo extent os in lower-class houses, while at the 
same time the carpet will act as a partial filter to micro-organisms 
arising from the deafening material. In the poorer class of houses, 
however, everything would seem to favour the contamination of tbe 
air from this source. The floor boards are often plain jointed, and 
simply laid side by side, so that when the floor is washed the water 
has every facility for trickling down to the material beneath. 
Farther, all the household operations of washing, cooking, nursing, 
Ac., have to be carried out in tho one or two apartments, and hence 
the spilling of dirty water, slops, Ac., on the floor, and percolation 
into the deafening below will be of pretty frequent occurrence. The 
rooms are often overorowded, and consequently the air is moist and 
warm, so that the increase and multiplication of micro-organisms 
would seem to be inevitable. 

It has been shown (Camelley, Haldane, and Anderson, 4 Phil. 
Trans.,' B. (1887), p. 61) that in passing from many to two- and one- 
xoozned houses the air becomes more and more impure, especially with 
regard to the number of micro-organisms, whilst the death-rate 
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largely increases, and the mean age at deAth diminishes. The resalts 
of the present paper show that the sanitary condition of the floor¬ 
deafening follows a similar order, thus:— 





Houses. 



Dundee. 

Fonr- 

roomed 

and 

upwards. 

Three* 

roomed. 

Two- 

roomed. 

One- 

roomed. 


f Total population . 

23,007 

22,087 

79,828 

25,410 

i 

Average number of per¬ 
son* per room. 

3*3 


8*4 

6*6 

f • 

Space per person in cubic 
feet. 

1,833 


240 

212 


Death-rale per 1000. 

12*3 

17-2 

18*8 

21 *4 

p 

Mean age at death of all 
k who died.. 

40-0 

30 *G 

21 *3 

20-9 

i 

's.s. 

I 

'Cerbonio acid (vol». per 
100 U) . 

wm 


9*9 

11*2 

OxiJisable organic matter 
(0 required per million 
vols. of air) . 

m 


10*1 

16*7 

QQ 

Total micro-organism* per 
^ litre . i 

1 

.. 

40 0 

60 0 

ju 

"Coarse matter in deafen- 
mg per cent . 

63-40 

03 82 

40*48 

35*26 

«a.s 

*J« 

Fine matter in deafening 
per cent. 

30-60 

86-18 

60*62 

04*75 

£ 1 

Organic matter percent... 
Chlorine per cent........ 

4 53 

6-84 

6*42 

12*10 


0 006* 

0-012 


0 196 

CD 

^Nitrogen per cent. 

0 026* 


0-209 

0-800 


The results obtained by the authors referred to above have also shown 
that the micro-organisms do not come either from the breath fat least 
in health), nor in large numbers from the outside air, so that it would 
seem clear that they come from some part of, or material in, the room 
itself. Though our results are certainly not so marked as those of 
Dr. Emmerich, they show, nevertheless, quite clearly that the 
deafening material may be and is in the poorer class of houses a 
source'of contamination of the air of dwellings, in that it furnishes a 
good and suitable medium for the growth of micro-organisms, and 
gives off foetid gases from putrefaction, provided the necessary factors, 
moisture, warmth, and nitrogenous organic matter, are present. 

• Had it not boon for the abnormally high result* obtained in one of these 
houses in wbiob the drainage was very defective, these numbers would have been 
very much lower, vi*., 0*004 per cent. Cl and 0*0057 nitrogen. Indeed, eight of 
the eleven house* examined were quite free from both chlorides and nitrogenous 
Organic matter. 
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IV. “ On the comparative Action of Hydroxylamtne and Nitritea 
upon Blood-pressure.” By T. Lauder Brunton, M.D., 
F.R.S., and T. Jkssopp Bokenham. Received February 7, 
1889. 

This communication forms part of an investigation on which ono of 
ns (Brunton) has been engaged for somo years past, and in aid of 
which grants have been received from this Society.* 

In this investigation tho action of various compound ammonias,f 
and also of some nitrites,} and allied bodies.§ has been examined. 

The plan of research required hydroxyl ami no (NH 3 0), forming as 
it does a link betwren those two classes of bodies, to be specially 
examined. Tho action of this body has recently become a subject of 
experiment by other workers,|| and it therefore seems advisable to 
publish now* * § one remarkable relationship between it and nitrites, 
reserving for a later communication other results of this research, 
Two of the most striking effects of nitrites are: their power (a) to 
alter the colour of the bloody and (6) to lower the pressure of blood 
within the vessels.** 

Both of these properties are also possessed by nitroglycerine, ft and 
Hay bus shown that tho effoot of this substance is due to the fact that 
it is decomposed in tho blood with evolution of nitrous acid.}} 

Hydroxylaraine is a body in which two affinities of nitrogen are 
saturated by hydrogen instead of by oxygen as in nitrous acid. Its 
relation to nitrous acid will be seen by a comparison pf their graphic 
formula— 

Hydroxylemine. Nitrous arid. 

|[>N—O—H. 0>N—0—H. 


* May, 1874, for investigation of the physiological action of ammonia, and others 
in 1877, 1884, and 1887. 

f Brunton and Cash,‘ FhiL Trans., 1 1884, p. 197. 

X Brunton and Gresswell. Details not published. Vid$ ‘St. Bartholomew's 
Hospital Reports,* 1878, p. 143, aud 1 Pharmaceutical Journal/ December 22,1888, 
pp. 491 and 495. 

§ Brunton and Tail, “ Physiological Aotion of Nitroglycerine,” 1 St. Bartholomew's 
Hospital Reports,* 1876, p. 140. 

|| Bins, “ Toxieologisohet fiber das Hydroxylamin," ‘Virchow's Arohiv.* 

V A. Oamgee, ‘Phil. Trans./ 1868, pp. 589-626. 

** Oamgee, quoted by Brunton, 1 Lanoet/ 1867, July 87. Brunton,' Und wig’s 
Arbeiten,' 1869. 

tf Brunton and Tait, 4 St. Bartholomew's Hospital Reports,' 1876, p. 144* 

XX Hay, “The Chemical Nature and Physiological Action of Nitroglycerin^/' 
* Practitioner/ June, 1888, vol. 80, p. 429, 
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It was shown by Raimondo and Bertoni* to have the power at 
producing a chocolate-brown colour of the blood, of lessening its 
oxidising .power, and of producing a chango in its spectrum, changes 
similar to these observed by Gamgee as consequences of the action of 
nitrites.f LoewJ found it to be a powerful protoplasmic poison. 
From a consideration of its chemical properties, Binz§ was led to 
think that it must be reckoned amongst the bodies which cause 
paralysis of colls in the nerve-centres, either by setting free active 
oxygen or one of the halogens, and his experiments showed the 
correctness of his hypothesis. Raimondo and Bertoni thought that 
during the reaction between hydroxyls mine and blood nitrous acid 
was formed, and Binz obtained the reaction of nitrites from the blood 
of animals poisoned by it. 

It therefore seemed probable that it would affect the blood-pressure 
in a similar way to nitrites, and on testing it wo found that it does. 
On injecting the hydrochlorate of hydroxy la wine either into the 
veins or peritoneal cavity, it produces a fall of blood-prossuro almost 
exactly similar to that produced by nitrite of amyl, as will be seen by 
a comparison of the accompanying curves, in which the fall of blood- 
pressure is so much alike that it is almost impossible to tell from a 
mere inspection of the tracings which is due to hydroxylamine and 
which to amyl nitrite. As hydroxylamine itself is very unstable, and 
is readily converted into ammonia, we used the hydrochlorate, which 
we obtained from Messrs. Hopkin and Williams. As hydroxylamine 
is made commercially by the reduction of nitrites, it appeared possible 
that the specimen we employed might bo contaminated by nitrites, 
and that its action upon tho blood-presBure might be duo to impurity 
and not to the action of the hydroxylamine itself. On testing the 
specimen we employed by starch-paste and iodine with acetic, sul- 
phurio or .hydrochloric acid we got no roaotion, and Messrs. Hopkin 
and Williams also told us that it gave no reaction with metaphenylene- 
diamine. 

We may therefore regard the specimen as pure, and attribute the 
fall of blood-pressure to the action of the hydroxylamine hydro¬ 
chlorate, and not to any impurities contained in it. 

• Raimondi end Bertoni, * Ammli Univ. di Med./ toL 259, 1882, p. 97. Only 
known to ui by abetraot in Virchow and Hired)’e * Jahreaber/ for 1882,1, pp. 899 
end 894. 

t Gamgee, * Phil. Trane./ 1868. 

t Loew, * Arohir f. d. gee. Physiol./ 1885, vol. 35, p. 518. 

( Bins, op. ei l. 
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V. 14 On the Total Solar Eclipse of August 29, 1886.” By 
Captain L. Darwin, R.E., Arthur Schuster, PhJX, F.R.S., 
and E. Walter Maunder. Received January 28, 1889. 

A preliminary communication will be found at vol. 42, p. 180. The 
foil report is divided into eleven parts, as follows :— 

I. Origin of the Expedition and General Preparations, by Captain 
Darwin, A. Schuster, and E. W. Maunder. 

II. Preparations for the Eclipse at Prickly Point, by Captain 
Darwin and A. Schuster. 

III. Totality at Prickly Point, by Captain Darwin and A. Schuster. 

IV, On the Accuracy required in adjusting an Equatorial for 

Photographic Purposes during a Total Solar Eclipse, by 
A. Schuster. 

V- Result® of the Photographic Camera at Prickly Point, by A. 
Schuster. 

VI. The Coronagraph, by Captain Darwin. 

VII. The Prismatic Camera, by Captain Darwin. 

VIII, The Spectroscopic Cameras at Prickly Point, by A. Schuster. 

IX. Photographic Results obtained at Carriacou Island, by E. W. 
Maunder. 

X. Description of the Eclipse and Drawing of the Corona, by 
Irwin C. Mating. 

XI. On the Photographs of the Corona obtained at Prickly Point 
and Carriacou Island, by W. H. Wesley. 


VL 41 On the Determination of the Photometric Intensity of the 
Coronal Light during the Solar Eclipse of August 28—29, 
1886.” By Capt. W. de W. Abney, C.B., R.E., F.R.S., and 
T. E. Thorpe, F.R.S., Professor of Chemistry in the Normal 
School of Science, South Kensington. Received February 7, 
1889. 

[For an abstract of the contents see prelimitiHry communication, rol. 44 , p. 892] 
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February 21, 1889. 

Professor G. G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

I. 11 The Influence of Bile on the Digestion of Starch. I.—Its 
Influence on Pancreatic Digestion in the Pig/' By Sidney 
Martin, M.D. (Lond.), B.Sc., British Medical Association 
Scholar, and Assistant Physician to the City of London 
Hospital for Diseases of the Chest, Victoria Park, and 
Dawson Williams, M.D. (Lond,), Assistant Physician to 
the EaBt London Hospital for Children, Shndwell. Commu¬ 
nicated by E. A. Schafer, F.R.S. (from the Physiological 
Laboratory, University College, London). Received 
February 1, 1889. 

The object of the research is to ascertain what influence, if any, 
the presence of bile or its constituents has on the progress and re¬ 
sult of pancreatic digestion; it includes the investigation of any such 
influence on the amylolytic, the proteolytic, and the emulsive fer¬ 
ments. The present communication deals only with the first named; 
our experiments have been done chiefly with the pancreas and bile of 
the pig, but another series in which these secretions in other animals 
are being examined is in progress; the effeot of the presence of bile on 
all amylolytio digestion, ex. gr. f that of saliva and that of vegetable 
diastase, is a subject which also seems to be worthy of investigation, 
and is now receiving our attention. In the present communication 
we detail the result of our experiments with the bile and pancreatic 
amylolytio ferment of one animal only—the pig. 

The fluid to be digested has been made by boiling pure starch in 
distilled water and carefully neutralising if necessary. Starch 
2 grams, water 100 c.o., has been found a oouvenient strength. Pig's 
bile has been used either in the fresh state or after careful drying at 
a temperature not exceeding 27° C. In the later form it was found 
more convenient for preserving and for manipulation, as it oould be 
accurately weighed. Glycerine extract of fresh pig's pancreas, and 
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* commercial pancreatin made from pig's pancreas, and ascertained 
to be rich in the amylolytic ferment, ha to been used. 

Our earliest experiments indicated that bile had a very notable 
influence on the pancreatic digestion of starch; it caused a rapid dis¬ 
appearance of the bine reaction of starch with iodine. 

Experiment A .—Five tubes, a, b, c, d, e, each containing 50 c.o. of 
the starch mixture (2 per cent.). With c 2*0 c.c. and with d and e 
8’0 c.c. fresh pig’s bile were thoroughly mixed. Equal quantities of 
glycerine extract of pig's pancreas were then simultaneously added to 
b , c, and d , and all five tubes were placed in a water-bath at 33° 0. 
The colour reaction of solution of iodine with the two control tubes— 
a which contained the starch mixture alone, and e which contained 
the starch mixture and bile (8 c.c.)—remained unaltered throughout 
the experiment. The changed colour reaction in the other tubes 
was watched by mixing a drop of the mixture with iodine solution on 
a white porcelain plate. The blue reaction in d rapidly disappeared, 
being replaced in less than one minute by a purple and in two 
minutes by a red colour; the red colour became gradually fainter and 
had entirely disappeared in ten minutes. In ft and o the blue reac¬ 
tion disappeared more slowly, a purple colour being still obtained at 
the end of ten minutes; no difference was perceptible in this respect 
between ft and c, a fact which indicates that the amount of bile present 
must exceed the pit>portion added to c before any accelerating in¬ 
fluence was noticeable. 

By using weighed quantities of the dned bile it was proved that a 
larger proportion of bile caused the blue reaction with iodine to dis¬ 
appear more rapidly than a small proportion. 

Experiment B .—Four vessels, a, ft, d t e t containing the starch 
mixture 2per cent. To ft 0*6 percent, dried pig’s bile, to d and e 3 per 
cent, dried pig's bile were added and dissolved; to <z, ft, and d equal 
quantities of glycerine extract of pig's pancreas were added, and all 
the vessels were placed in a water-batb at 33° C.; d ceased to give any 
colour reaction with iodine solution in five minutes; at the same 
moment the reaction given by ft was reddish-purple, and by a purple; 
l remained unchanged. 

This increase of rapidity with increasing proportion of bile was 
found to hold up to 4 per cent, of dried bile (equivalent probably to 
at least 30 per cent, fresh bile). Beyond this percentage we have 
not made experiments; a larger proportion of bile rendered the 
mixture very thick and interfered with the colour reaction. 

It was also ascertained that the amount of sugar, estimated as 
dextrose, formed under the conditions of Experiments A and B, was 
greater when bile was present, and increased when the proportion of 
WU was increased. 

Experiment 0.—Four vessels, a, b t c, d, containing the starch 



860 


Dib# & Martin^ and ft WiH Jatcw* 


[Feb. a!, 

mixture 8 per oent. To b 0*6 per oent. dried pig'* bile, and to c and cT 
2 per cent, dried pig's bile were added and dissolved; to o, b, add e 
equal quantities of glycerine extract of pig's pancreas were added and 
all tbe vessels were placed in a water-bath at 84° C. The colour 
reaction with iodine given by d was unchanged throughout, but a, 
hi and c gave a varying colour reaction, and changing most rapidly 
with c and least rapidly with a. Alter remaining in the water- 
bath for eight minutes the vessels were taken* out and their contents 
boiled, to destroy the ferment, and the amount of dextrose estimated 
by Fehling’s method; a contained 0*45 per cent., b 0*59 per cent., and 
c 0*74 per oent. 

A large number of experiments were performed of which the above 
are quoted as examples, and the conclusion to which we were led 
was that digestion of starch by extract of pig's pancreas was 
hastened in tho presence of pig's bile. We noxt sought to ascertain 
(1) whether^his was a property of the bile solids as a whole, or of 
one or other constituent; and (2) the nature of this hastening action, 
whether, that is to say, the bile only hastened the transformation of 
starch into dextrin, or whether there were also constant increase in 
the amount of sugar formed. 

Firstly, as to whether the effect is to be ascribed to the action' of* 
any one constituent of the bile. Pig’s bile contains bile salts (chiefly 
hyoglycocholate of sodium*), bile pigment, cholesterin, soaps, and 
salts together with mucin. We found that an extract of dried bile 
made with absolute alcohol retained the power of hastening pancreatic 
digestion of starch, and finally that it w&b also possessed by the bile 
salts. It was found in this case also that the amount of sugar esti¬ 
mated as dextrose was greater as the proportion of bile salts added 
to the mixture was increased up to 2 per cent., beyond which our 
experiments have not gone. Thus in one experiment tbe amount of 
sugar found after half an hour's digestion (a) in a mixture to which 
0*6 per oent. of bile salts had been added a* 1<03 per oent.; (6) in'a 
mixture to which 2*0 per oent. of bile salts had been added = 1*25 
per oent.; and (e) in a mixture to which no bile salts had been added 
1*0 per oent.; a large amount of starch mixture was used in this eJV 
periment and 0*8 per cent* paucreatin added. 

Secondly , as to the nature of the process, whether the bile hastened 
the transformation of starch into dextrin, or whether there was also 
an increase in the amount of sugar; this was found to be a somewhat 
difficult question to solve. The quantitative estimation of a mixture 
of starch, dextrin, and sugar, or of dextrin and sugar was found to 
present many difficulties. The amount of sugar was readily estimated 

* Jolin (* Zoits. f. Physiol Chemie,* vol 11, p. 417) describes a- and £*hyoglydft- 
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as dextroee,l*y Fshling's method, bat we are unacquainted with any 
reagent whieh will effect the separation of dextrin from starch; they 
can both, however, be precipitated by absolute alcohol. We have 
made a quantitative estimation of the relative amounts of starch, 
dextrin, and sugar by the following method: two equal portions of 
the starch mixture, 2 per cent., were digested with equal quantities 
of dried pig's pancreatin,* rich in amylopsin, a certain proportion of 
bile salts (made from pig's bile) having been previously added to one. 
Digestion was allowed to proceed in the incubator until the reaction of 
starch with a solution of iodine had completely, or almost completely 
disappeared from the vessel to which bile salts had been added. Both 
mixtures were then rapidly boiled to stop the action. The digested 
mixture was then poured into a dialyser (made of German sausage 
paper) and dialysed in running water for four or five days, thymol 
being added to prevent decomposition (which did not occur); the 
dextrin, sugar, and most of the salts were thus dialysed away, and 
the total residue (starch) was estimated by evaporating the dialysed 
liquid to small bulk and filtering into alcohol. The precipitate was 
caught on a filter, dried at 100° to 110° C., and weighed. The residue 
of undigested starch was thus estimated. The proportional amounts 
of sugar and dextrin were estimated by dialysing the liquids di¬ 
gested under the same conditions as those just described, in distilled 
water for four days, decomposition being prevented by the daily ad¬ 
dition of thymol. Equal quantities of the two dialysates, the one 
containing sugar and dextrin, the other sugar, dextrin, and bile 
salts, were evaporated to small bulk, the sugar estimated as dextrose 
by Fehling's solution, the dextrin by precipitating a measured 
quantity of each concentrated liquid by absolute alcohol, washing 
with absolute alcohol to remove bile salts, drying at 100° to 110° C., 
and weighing. 

The results are shown in the following experiments;— 

Experiment D .—To one of two flasks containing 200 c.o. of the 
starch mixture (2 per cent.) 0'6 per cent, bile salts was added; 0*8 per 
cent, pancreatin was then added to both flasks and the mixture digested 
at38°0. for two minutes. The flask containing bile salts then gave 
no reaction with iodine solution, while that which contained pan- 
creatin alone gave a purple reaction. Both fluids were then dialysed 
ifcnold; distilled water, for four days, decomposition being prevented by 
the,daily addition of thymol Both dialysates, which were faintly acid 
and contained no starch, were then evaporated to small bulk, and 
each divided into two parts for tbe estimation of sugar and dextrin 
respectively. The former was estimated as dextrose by Fehling’s 
process* the . latter by precipitating nnder absolute alcohol, Altering, 
dxyingj* 10ftr-ll0 o 0., and weighing. The result was 
• Prepared by Heart. Savory and Moore. 
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Dextrin. Sugar, 

Fluid to which bile salts had been 
added as well as pancreatin..... 0*30 gram. 1*315 gram* 

Fluid to which pancreatin only was 
added. 0*24168 „ 1042245 „ 

The addition of bile salts therofore had increased the production 
of sugar in the proportion 5:4, and that of dextrin in like pro¬ 
portion. 

Experiment E. —This experiment was conducted with the same 
proportion of each ingredient and in the same manner, with the 
exception that the fluids were dialysed in a stream of (tap) water; 
the total residue, after evaporation and treatment with absolute 
alcohol in the manner previously described, was estimated by drying 
and weighing. The residue in the fluid containing bile salts weighed 
0*314 gram, in the fluid to which pancreatin alone was added, it 
weighed 0*517 gram. These residues contained starch and a trace of 
peptone, but no bile salts nor sugar. 

Our conclusions may thus be briefly stated:—The effect of fresh 
and dried bile in hastening the pancreatic digestion of starch in the 
pig is due to the bile salts; these salts possess the power of increasing 
the amount not only of dextrin, but of sugar estimated as dextrose. 

The authors are not at present in a position to explain this in¬ 
fluence of bile Balts; the pancreatic solution of starch proceeds more 
rapidly at first in laboratory experiments, and the retardation after a 
short interval is very marked. It is possible that the bile salts may 
favour its continuance by entering into combination with the bodies 
which have this retarding effect. 


II. “ The Innervation of the Ronal Blood-vessels.” By J. ROSE 
Bradfoiu), M.B., D.Sc., George Henry Lewes Student 
Communicated by E. A. Schafer, F.R.S. (from the Physio* 
logical Laboratory of University College, London). Re¬ 
ceived February 1, 1889. 

The following work was undertaken in order to map ont the origin, 
course, and nature of the renal nerves more accurately than had 
hitherto been attempted. It was considered (more especially in the 
light of Gaskell’s well-known work on the sympathetic) important to 
decide whether the renal and other abdominal vascular nerves were 
of two kinds, vaeo-oonstriotor and vaso-dilator, or whether the 
latter nerves could not be demonstrated to exist. This research was 
carried out exclusively on the dog, inasmuch as this was the 
used by Oaskell in his work. 
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The principal conclusions arrived at in this communication will be 
arranged under the following three headings : — 

I. The Origin and Course of the Vasoconstrictor Nerves. 

II. The Origin and Course of the Vasodilator Nerves. 

HI. The Reflex Phenomena, of the Renal Vessels. 

It will be necessary, however, to describe shortly the method em¬ 
ployed. Tho genera) blood pressure and the volume of the kidney as 
measured by Roy's oncometer were recorded simultaneously, together 
with a time tracing and a lever marking the moment and duration of 
the nerve excitation. In this manner both the general and the local 
effects of any given stimulation were determined simultaneously. The 
method of prop&ration of the nerves was as follows: the roots of the 
nerves were exposed inside tho spinal ean&l, the posterior roots were 
then divided inside the dnra mater, and the entire nerve outside the 
dura mater arranged for stimulation with suitable electrodes. In 
some cases the nerves were out and ligatured and tho distal ends 
excited. By tho use of one or other of those methods, tho danger of 
the exciting current spreading to the cord, and so producing reflex 
effects, was reduced to a minimum. In many experiments this 
danger was further eliminated by dividing the cord above tlm level of 
the nerves excited. 

In this communication a nomenclature is adopted which assumes 
that the dog has twenty dorso-Iumbar vertebrae, of which thirteen 
are dorsal and seven lumbar. For excitation an ordinary Du Bois 
coil was used with Helmholte’B modification, and the rate of interrup¬ 
tion was varied, as will be mentioned moro fully below from fifty per 
second to one per second. 

The anesthetics used were chloroform and morphia, and after the 
completion of the necessary operative procedure, tho animals wore 
onrarised, artificial respiration and anoesthotisation being maintained 
in the usual manner. 

It is well known that, when either the renal nerves or the splanch¬ 
nic nerves are excited, a contraction of the kidney accompanied by a 
rise of blood pressure is observed. On exciting the lower dorsal 
nerves inside the spinal canal the same general facts are observed, 
provided the posterior roots have been divided and cane be takon to 
prevent the spreading of the exciting current to tho cord. Before 
entering into further detail it is necessary to state that in order to get 
these effects the rate of excitation must not be slower than five per 
seeobd. Honoe, unless otherwise mentioned, it is to be understood 
that the rate of stimulation was a rapid one, tfifty per second. 

I. Origin and Course of the Vasoconstrictor Nerves. 

No effects have been observed to follow tho excitation of the peri¬ 
pheral end of a divided posterior root. Furthermore, the same 
rot. xtv. 2 b 
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result is seen to follow the stimulation of the divided anterior root, 
and the stimulation of the entire nerve outside the dura mater after 
previous section of the posterior root. Hence we may conclude that 
no efferent vasomotor fibres 01*0 contained in the posterior roots. 

Excitation of the anterior roots, or of the entire nerve after pre¬ 
vious division of the posterior root, is followed by contraction of the 
kidney and rise of goneral blood pressure when any nervo from the 
6 th dorsal to the 2nd lumbar is placed on the electrodes. Excitation 
of the higher nerves, e. 7 ., the 4th or 5th dorsal, produces but slight 
effects on tho general blood pressuro, and in the higher ones still, i.e. T 
the 2 nd or 3rd, the accelerator fibres are met with in abundance, and 
hence a small rise of pressure (due to this cardiac effort) is produced. 
On tho other huwl, the 3rd lumbar hns in many cases yielded no re¬ 
sult on excitation, but occasionally a alight rise of general blood 
pressure has been observed. So that the Gth dorsal and the 2nd 
lumbar are practically tho limits of the series of nerves, tho stimula¬ 
tion of which causes any marked effects either on the kidney or on the 
general arterial tension. 

The effects, however, are not equally marked with all those nerves. 
The lower dorsal nerves, i.e., from the 10th to the 13th, produce much 
greater effects, both on tho kidney and on the general blood pressure, 
than either the nerves above them or those immediately below thorn. 
So that although all the nerves from the 6 fch dorsal to tho 2nd 
lumbar nifty contain fibres for tho renal vessels, still thoir main 
supply is derived from tho 10th, 11th, 12th, and 13th dorsal nerves. 

It follows from the above description that there is no very great 
separation between the paths followed by tbe nerves for the kidney 
vessels and those destined for the vessels of the other abdominal vis¬ 
cera. However, the lower dorsal not only produco greater effects on 
the kidney and on the general blood pressure than the upper dorsal 
nerves, but what is more important tho two effects do not vary directly 
with one another. Although usually a nerve producing a largo renal 
contraction causes simultaneously a great rise of pressure, yet this is 
by no means invariably the case, and a small renal contraction may 
be accompanied by a greAt rise of pressure and vice vend* The 12th 
and 13th dorsal nerves, for instance, cause usually a great renal con* 
traction, but the accompanying rise of blood pressure is not so high 
a with some of the nerves above them. Hence we must conclude 
that in individual cases there may be small variations in the number 
of fibres going on tho one hand to the kidney and on the other hand 
to the other abdominal viscera. 

The contraction of the kidney occurs after a short latent period, 
and in a typical case it is sudden, marked, and very persistent, often 
lasting long after the excitation has ceased. The kidney then com¬ 
mences slowly to expand and along with this expansion the blood 
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jwessure falls to its normal height. Generally the kidney does not 
qnite regain its former volume, in other words, its vessels remain, 
slightly contracted os a more or less permanent after-effect. Th is effect 
is so small that it is not accompanied by Any appreciable rise of blood 
pressure. In some cases after the excitation has ceased, the blood 
pressure falls slowly but slightly below its previous height and then 
slowly regains its normal level. That is to say, tho sudden and 
great rise of arterial tension is followed by slight, slow, and gradual 
fall. This fall of blood pressure is accompanied by a slight contrac¬ 
tion of the kidney, the volume of the latter following exactly the fall 
and subsequent rise of blood pressure. This result is only occa¬ 
sionally seen when quick rates of excitation are used, but it bt&omes 
more frequent, when such a rate as live per second is employed. 

It has been seen with most of the nerves, but it is more common with 
the upper than with the lower dorsal. Its full significance will he 
alluded to later, but this result is no doubt due to tho excitation of 
vaso-dilator fibres, the kidney offect being a passive one due to 
changes of blood pressure produced in other organs. 

In a very small proportion of cases a rise of blood pressure is 
produced as usual, but the kidnoy effect is a mixed on©, i.e., there is 
first a slight expansion then a marked contraction. In a still smaller 
number of cases a renal expansion has been observed, generally 
accompanied by a slight rise of the general blood pressure, but 
occasionally no such rise has occurred. When tho kidney expansion 
is accompanied by a rise of general arterial tension, it is uo doubt duo 
to the kidney vessels being passively dilated owing to active contrac¬ 
tion. having taken place elsewhere. When, however, the expansion 
of the kidney is unaccompanied by any rise of pressure, it is difficult 
to avoid the conclusion that it is due to the excitation of actual vaso¬ 
dilator fibres ; however, better evidence than this will be adduced in 
support of the existence of these nerves. 

II. The Existence and Course of the Vaso-dilator Fibres . 

Hitherto no definite evidence has been adduced in support of tho 
existence of vaso-dilators for the vessels of the kidney. If, however, 
the Uth, 12th, or 13th dorsal nerves be excited by slow rhythmical 
shocks, i.e., one per second, it will be found that expansion of the 
kidney occurs unaccompanied by any rise of blood pressure. This 
renal ex pans ion is marked in character and rather persistent in its 
duration, that is to say, the organ does not return completely to its 
original volume after the cessation of the excitation. It is clear that 
the renal expansion is an active one, since the nerve stimulation has 
produced no obvious effect on tho blood pressure. This striking 
result is not so easily obtained with the higher nerves; with those 
the same excitation produces a fall of blood pressure, accompanied 

2 b 2 
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not by any expansion, but by a passive contraction of the kidney 
vessels. In other words, with these higher nerves a dilatation is 
produced, not only of the kidney vessels, but also of the vessels of a 
much larger area, and hence the renal dilatation is unable to mani- 
font itself. 

This view is confirmed by the results obtained on excitation of the 
splancbnio nerve. When this nerve is stimulated with quick rates, 
the kidney, as is well known, undergoes great contraction, and there 
is at the same time a largo rise in the general blood pressure. With 
slow rhythmical stimulation, however, I have never succeeded in 
getting any renal expansion. This slow stimulation, however, causes 
a largo fall in the blood prossnre, accompanied by a marked renal 
contraction. This renal contraction is obviously passive, since it not 
only exactly follows the fall of blood pressure, but, when the exciting 
current is shut off, the blood pressure undergoes a sudden and tem¬ 
porary rise, Ind this rise is accompanied by a correspondingly transi¬ 
tory rotial expansion. In other words, the dilatation is one produced 
in a large area, and the kidney vessels are affected secondarily. 
Hence just as the renal constrictor fibres are best marked in tho 11th, 
12th, and 13th dorsal nerves, so tho same is true for the dilator. 
These, however, like the constrictors, probably exist in the higher 
nerves, but for tho reasons given it is almost impossible to demon¬ 
strate their existence positively, as they run with the dilator fibres 
for the vessels of tho other abdominal viscera. 

Excitation of the peripheral end of the divided vagus in the neck 
causes of course marked contraction of the kidney, owing to its inhi¬ 
bitory action on tho heurt, which action is not obviated by the doses 
of curare employed. After small doses of atropine the stimulation of 
the cervical vagus has no effect on the volume of tho kidney. Stimu¬ 
lation of the vagus in the thorax, beyond the point where it gives 
off its cardiac fibres, has also no effect on the volume of the kidney. 
Thus we may conclude that there is no evidence to show that the 
vagus supplies any fibres to the renal vessels. 


III. The Reflex Phenomena of tho Renal Vessels , 

Exoitation of the oeutral end of the divided sciatic causes, as shown 
by Roy, a contraction of the kidney accompanied by a rise of bipod 
pressure. This result I can confirm, as it occurs in by far the greater 
number of cases. Occasionally, however, this nerve onuses a slight 
expansion of the kidney, but this is not only very small in amount, 
but it is also very rare. Sometimes, as is well known, the central 
end of the sciatio causes a fall of blood pressure, and when this occurs 
it is accompanied by a renal contraction. The central end of a 
divided intercostal neree causes a slight rise of blood pressure, aooom* 
p&nied by a small contraction of the kidney vessels. 
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The central end of the divided vagus in the rabbit causes a contrac¬ 
tion of the kidney, accompanied of course by a rise of blood pressure. 
In the dog this is also by far the most common result. In the cat, how¬ 
ever, and occasionally in the dug, the excitation of this nerve causes a 
depressor effect, t.e., a fall of blood pressure, and with this fall a 
passive shrinking of the kidney. The central end of the depressor in 
the rabbit or of the vagus in the cat Cannes, as just mentioned, a gieat 
fall of blood pressure, accompanied by a passivo contraction of the 
kidney. Although the blood pressure fall is always a largo one, the 
effect on the kidney volume is but slight. Hero again .this effect is 
probably simply the result of the great dilatation of the other abdominal 
vessels, neutralising, so to say, the renal dilatation, and so causing uu 
actual diminution in the volume of the kidney, in a few cases in tho 
rabbit, where the blood pressure fall has not been very great, an 
initial slight expansion of tho kidney has been detected. 

The stimulation of tho central end of a divided posterior root pro¬ 
duces in almost all cases a great rise of general blood prossure. This 
rise is not only large in amount, but it is very sudden, and also of 
rather short duration. Tho pressure remains at the maximum height 
but a few seconds, and when the excitation is over falls towards its 
normal height; there is, however, generally u persistent nltor-effect, 
that is to say, the prossure remains a little higher than it was pre¬ 
viously to the stimulation. There is no very material difference between 
the results obtained with the lower dorsal nerves and those seen with 
the upper ones, in both cases a largo rise of pressure is obtained; 
on the wholet, however, the reflex rise seen with tho lower 
nerves is somewhat greater than that obtained with the tipper 
nerves. As a rale the rise of pressure is accompanied by a 
contraction of the kidney, marked in amount, but not of such a 
persistent character os that described above as following the excitation 
of the peripheral cud of an anterior root. Frequently the kiduoy 
effect is a mixed one, i.e., a contraction followed by an expansion; 
not uncommonly, however, there is an initial expansion, the subse¬ 
quent course of which is interrupted by a contraction. More fre¬ 
quently stjll no contraction of the kidney is seen, it is replaced by a 
pure expansion, accompanied as before, however, by a great rise of 
blood pressure. This effect, however, is most often obtained with the 
lower dorsal nerves, e.g tho 10th to the 13th. Sometimes when the 
stimulation of a posterior root gives the renal expansion and rise of 
blood pressure, the application of the olectrades to the posterior 
surface of the cord gives an equal rise of blood pressure, accom¬ 
panied, however, by contraction of the kidney. Hence the former 
effect, t.e., the renal expansion, is the result of a more local excitation. 
When the reflex excitation causes expansion of the kidney there is 
profuse haemorrhage from the spinal wound. Now this haemorrhage 
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is not altogether to be explained as resulting simply from the height¬ 
ened blood pressure, since an equal rise, produced say by the sciatic 
and accompanied by contraction of the renal vessels, is not followed 
by this profuse haemorrhage. Hence it is probable that not only is 
there a dilatation of the kidney vessels, but also of the vessels in the 
lumbar region of the body wall, hence the heeraorrhage. 

Harely excitation of a posterior root causes a depressor effect, there 
being a great fall of blood pressure, and then as usual the kidney 
undergoes a passive contraction, owing to the large dilatation else¬ 
where. 

The results of reflex excitation can then bo summed up shortly by 
saying that the excitation of an afferent nerve causing a riso of blood 
pressure is accompanied by a renal contraction, unless the nerve is one 
of what may he called the renal area. In this caso the rise of blood 
pressure is accompanied as a rule by either a renal expansion or else 
by a mixed ]§idnoy effect. If tbo afferent nerve causes a depressor 
effect due to dilatation of tho abdominal vessels, the kidney vessels 
probably sharo in that dilatation, but this is not seen by any actual 
ronal expansion owing to this being overpowered by tho dilatation 
olsewhere, and hence the kidney undergoes a passive shrinking. 

The other conclusions of this paper are that the renal constrictor 
fibres leave the cord through the anterior roots of the nerves extend¬ 
ing from tho Oth dorsal to the 2nd lumbar inclusive. 

That, secondly, there are vase-dilator fibres, as ('an easily be demon¬ 
strated with such nerves as tho 11th or 12th dorsal, but that in all 
probability they also extend from the 6th dorsal to the 2nd lumbar, 
and for the reasons given above they cannot be demonstrated with 
certainty in the upper nerves, since here thoy run with the vaso¬ 
dilator fibres for tho vessels of tho othor abdominal viscera. 

Hence there is no ovideuce to show that tho vaso-constrictor fibres 
and the vase-dilator fibres reach the kidnoy by different routes. 

Finally, the great splanchnic nerve contains not only vaso-con- 
strictor, but also vasodilator fibres, for the vessels of tho abdominal 
viscera. 

The expenses of this research were partly defrayed by a grant 
obtained from the Royal Society. 
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III. 41 The Innervation of the Pulmonary Vessels,” By J. Rose 
Bradford, M.B., D,Sc,, George Henry Lewefl Student, and 
IL Percy Peak, M.B,, B.S., B.Sc. Communicated by K. A. 
Schafer, F.R.S. (from the Physiological Laboratory 
of University College, London), Received February 13, 
1889. 

Although hitherto most physiologists have considered that the 
pulmonary vessels probably possessed a system of vaso-molor nerves, 
yet no direct experimental proof of the existence of such a system 
has been obtained. Still less lias any ovidenco been adduced to 
demonstrate the actual anatomical paths by which such nerves, if 
they exist, reach the lungs. Hence it seemed that the wholo question 
was one deserving a further attempt for its solution. When this 
research was commenced, there wore practically only two facts which 
could be appealed to in support of the existence of these nerves. 

Firstly, Lichtheim observed that in asphyxia a rise of blood-pressure 
may occur in the pulmonary artery unaccompanied by any rise in the 
aorta. 

Secondly, it has been shown that in the frog, irritation of the skin 
causes a contraction of the pulmonary vessels. 

It is clear that this second fact could not bo used as an argument in 
support of the existence of these nerves in the mammal, since the 
anatomical relations are so different in the two cases. 

With regard to Lichtheim’s observation, it is evident that it affords 
no very direct proof, since other conditions, such as venous distension, 
might easily account for the rise of pulmonary pressure. 

It was felt by us that the only really reliable method would be to 
excite one by one the roots of the spinal nerves, and to observe the 
effects of such stimulation on the aortic and pulmonary blood- 
pressures simultaneously. 

The following method was employed:—A cannula, placed in the 
carotid artery in the usuul manner, was connected with a mercurial 
manometer. In a similar manner a second mercurial manometer was 
then connected with the branch of the left division of the pulmonary 
artery distributed to the lower lobe of the loft lung. This vessel wus 
reached from the back by resecting portions of two or sometimes 
three ribs. In this way a rocord of the pressure iu tho left division 
of the main artery was obtained, and also a means of detecting 
changes of pressure in the main artery. At the same time, the 
minimum amount of lung tissue was thrown out of gear. 

The upper dorsal nerves were then exposed inside the spinal canal, 
and were ligatured outside the dura mater. By cutting through the 
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nerves between the spinal oord and the ligature, the peripheral ends 
could be easily arranged for excitation* 

Iu this way the fibres of both anterior and posterior roots are 
excited, but, as previously shown by one of ns, no efferent vaso-motor 
fibres can bo demonstrated to exist in the posterior roots. Hence for 
our purposes this mode of excitation is practically equivalent to 
exciting the anterior roots alone, and inasmuch as a comparatively 
long stretch of tough nerve can bo obtained, the danger of the 
exciting current spreading to tlio spinal cord, and so producing reflex 
offcets, is avoided. The nerves were excited on the right side, on the 
aamo side as the uninjured lung. 

The two blood-pressure curves wero recorded simultaneously on the 
same blackened surface, together with a time tracing and a lever 
marking the duration of the excitation. 

The aneosthetics used were chloroform and morphia, and after the 
nerves had been prepared, a small done of curare was injected, amt 
artificial respiration maintained before opening the chest to insert the 
pulmonary cannula. 

Before describing the results following excitation of the tipper 
dorsal nerve roots, it will be necessary to deecribo shortly the relations 
existing botweeu the systemic and pulmonary blood-pressures, and 
more especially what effects are produced on tho pressure in the 
pulmonary artery by sudden alterations of the blood-pressure in the 
systemic vessels. It is necessary to do this, as otherwise in many 
cases it might be urged that tho effects of a given nerve excitation on 
tho pulmonary pressure were simply due to the reaction of the 
pulmonary vessels to the accompanying carotid rise. In some cases 
this objection has no force whatever, since there is no carotid rise or 
there may even be a carotid fall. In other cases, 0 . 9 ., in stimulation 
of the fifth dorsal neive, there is often a rise of blood-pressure in both 
vessels, and so we see how important it is to get a clear notion as to 
what effect a given rise of arterial tension has on the pulmonary 
blood-pressure. 

Before describing the results we have obtained in this direction, it 
will be convenient to consider shortly the actual amount of the 
pulmonary blood-pressure, and the manner in which it is influenced 
by artificial inflation of the lungs. 

The pressure is found to vary between 16 mm. and 20 mm. of 
mercury in different dogs, these being the animals we have always 
used in our experiments. The pressure in the main artery is a few 
millimetres higher than. this. 

The pulmonary pressure is very constant in its hoight, not only in 
the same animal during the course of an experiment, 6 ut also in 
different animals. In this point it oontraats strongly with the aortic 
pressure, since the latter is very variable iu amount after the neoessary 



37! 


1889.] The Innervation of the Pulmonary Vessel*. 

operative procedure described above. The aortic pressure must fall very 
low indeed for the pulmonary pressure to be appreciably diminished 
in amount. The following is an instance bearing out the truth of this 
statement 

Section of spinal cord at level of seventh dorsal nerve caused the 
aortic pressure to fall from 106 mm. Jfg to 52 mm. Ilg. The 
pulmonary pressure fell from 16 mm. to 14 mra. Jig. Thus, while 
the aortic pressure fell to half its previous height, the pulmonary 
pressure only diminished by one-eighth of its previous amount. 

Artificial inflation of the lungs causes a rise of pressure in both 
systems followed by a fall during the subsequent expulsion of the 
injected air. The pulmonary rise is more sudden and marked in 
character than the aortic rise, but the riso and fall of pressuro in the 
two vessels are, afl far as can bo determined, quite synchronous. 

The effect of artificial inflations is the same, whether tho vagi aro 
intact or whether they have been previously divided. 

We will now turn our attention to tbo effects produced on the 
pulmonary blood-pressure by a sudden increase in tho aortic pressure, 
It is evident that this rise of pressuro in the systemic circulation 
must he produced in such a way as to avoid stimulating, if possible, 
the vaso-motor centre reflexly, although, as we shall see later on, the 
results obtained by reflex excitation are also valuable in dociding this 
question. 

Three methods have been usod by us to produce a large rise of 
blood-pressure in the systemic circulation, and so to determine the 
passive effect of this rise on tho pulmonary circulation. They are as 
follows:— 

I. The excitation of tho peripheral end of a divided splanchnic. 

II. The excitation of tho lower end of the spinal cord divided in 
the middle of the dorsal region, and care being taken that no spread* 
iug of the current to the central end occurs. 

III. Compression of the thoracic aoita. 

I. Results obtained by Excitation of tho Feriphrral End of a divided 

Splanchnic. 

The rise of systemic blood-pressure is of course considerable, in many 
oases it is doubled. Tho rise of pressure in the pulmonary artery is 
not, however, very marked. Thus in one case an excitation lasting 
48 seconds produced a rise of aortic pressure amounting to 64 mm. Hg. 
The accompanying rise of pulmonary press are was only 3 mm. Hg. 

The aortic pressure was rather more than doubled, having risen 
from 50 mm. Hg to 104 mm. Hg, on the other band, the pulmonary rise 
'Was from 13 mm. Hg to 16 mm. Hg, the mean rise being, however, 
2 5 mm. Hg. 

Those results are curiously similar to those mentioned above, where 
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a fall of aortic pressure from 105 mm. to 52 mm. Hg was accompanied 
by a pulmonary fall of only 2 mm. Hg. 

Thus in two different animals sensibly tlie same effects wore pro* 
duced in the pulmonary pressure in opposite directions by practically 
equal changes of pressure in opposite directions produced in the aortic 
pressure. 

II. Results obtained by Excitation of the divided Spinal Oord, 

Excitation of the lower end of the divided cord produces an enor¬ 
mous rise of general blood-pres sure, but the accompanying rise of 
pulmonary pressure is not only always small but it is frequently 
absent. 

Thus in one case stimulation for 38 seconds caused a rise of general 
blood-pressure amounting to 180 mm. Hg, and the simultaneous pul¬ 
monary rise was 0 mm. Hg. This is an extreme case. In many 
instances the pulmonary rise was less than this, ovon when the aortic 
rise was quite as marked. In this case the aortic pressure rose from 
52 mm. Hg to 232 mm, Hg, and the pulmonary pressure from 20 mm. 
Hg to 26 mm. llg, thus although the aortic pressure was quadrupled, 
the pulmonary pressure was only raised by less than one-third of 
its previous amount. 

III. Result» obtained by Compression of Thoracic Aorta , 

When this vessel is compressed about the middle of the dorsal 
region by the finger introduced through the wound, the aortic pres¬ 
sure measured in the carotid undergoes a great and sudden rise, 
followed on removing the finger by a transitory fall. If the compres¬ 
sion bo maintained for only a short time, 10 seconds, then there 
is no rise of pulmonary pressure, although, of course, the aortio 
pressure will have been greatly augmented, in this case from 104 mm. 
to 169 mm. Hg, a rise of 65 mm. Hg. 

If, however, the compression be maintained longer, then the pul¬ 
monary pressure rises as we see from the following experiment:—The 
aorta was compressed for 30 seconds, and the aortic pressure rose from 
71 mm. to 128 nun. Hg, and that in the pulmonary artery from 19 mm. 
to 22 miu. Hg. 

In all three of the preceding series of experiments the pulmonary 
rise is very small when compared with the enormous effects produced 
in the aortic pressure. In all these cases the pulmonary rise was 
roughly one-twontieth of the simultaneous rise in the systemic cir¬ 
culation. Not only is the rise of pulmonary pressure small when 
compared to the aortic rise, but the actual pulmonary rise is but a 
small fruction of tbe total pulmonary pressure. Thus, although some 
of the above methods may double or even quadruple the aortio pressure, 
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yet none of them causes anything like a doubling of the pulmonary 
pressure. 

In other words, when a great aortio rise has succeeded in producing 
a pulmonary rise, the latter is not only small relatively to the aortio 
rise but also relatively to the pulmonary pressure itself. We may 
conclude that not only must a great rise of aortic pressure occur in 
order to produce Any appreciable rise of pulmonary pressure, but also 
that this rise must be of some duration. 

The further discussion of the mode in which arise of aortic pressure 
produces a rise of pulmonary pressure will be entered into at the close 
of this communication. Having thus described shortly what may be 
called the mechanical effects of rises of aortic pressure on the pul¬ 
monary circulation, we will now consider the results of reflex 
excitation of such nerves as the sciatic and vagus. 

Results of Excitation of the Central End of the divided Sciatic. 

It is well known that the rises of aortio pressure produced by the 
excitation of this and other afferent nerves are frequently very con¬ 
siderable. This is especially the case with the sciatic nerve. 

In one case the stimulation of the central end of this nerve gave an 
aortic rise of 36 mm. Hg, and the accompanying pulmonary rise was 
only 2 mm. Hg, i.e. t one-eightoenth of the aortic rise, that is to say, 
nearly the same ratio as that obtained in the previous experiments 
described above in the passive reaction of the pulmonary vessels to 
rises of general arterial tension. In another instance, with an aortio 
rise of 30 mm. Hg, there was no simultaneous pulmonary rise. 

Results following Excitation of the Central End of divided Vagus . 

With this nerve somewhat different results are obtained. 

Thus, in one case, the aortic rise was 32 mm. Hg and the pulmonary 
rise 4 mm. Hg, i.e., the relative ratio of the two effects being one-eighth. 
This result was obtained in the same animal that previously gave with 
the sciatic a ratio of one-eighteenth. In the case of the vagus tho 
pulmonary rise was double that observed with the sciatic, although the 
aortio rises were almost the same in tho two cases, t.e., 36 mm. and 
32 mm. Hg. It is clear then that, although in this animal the vagus 
and sciatic gave on stimulation practically equal effects in the systemic 
vessels, yet the results on the pulmonary vessels were by no meanB the 
same in the two cases. Hence the only conclusion is that excitation of 
the central end of the divided vagus caused a reflex contraction of the 
pulmonary vessels and thus caused a heightened pulmonary tension. 

In the oat frequently and in the dog occasionally the stimulation of 
tile central end of the vagus causes a fall of blood-pressure instead of 
a rise, in many cases the fall of aortic pressure is considerable. Thus 
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in one experiment the oentral end of left vagus was excited for 
28 seconds and the aortic pressure fell from 112 mm. to 66 mm. Hg, 
i.e. f a fall of 56 mra. Hg. The pulmonary pressure fell from 17 mm. 
to 14 mm. Hg, Le. % a fall of 3 mm. Hg. 

This pulmonary fall is rather greater in amount than that previously 
described as occurring after hoc turn of the cord in the dorsal region, 
but it is not too large to be explained on the grounds of a passive effect 
owing to the large aortic fall. 

It is, however, with stimulation of the posterior surface of the 
spinal cord that the greatest relative effects are seen. When this 
mode of excitation is used the rise of pulmonary pressure is frequently 
as much as one-tonth of the simultaneous aortic rise, i.e. f the ratio is 
higher than with any of the previous methods of experimentation. 

No doubt part of this effect may be due to the direct excitation of 
the pulmonary vaso-inotor fibres, as will ho shown below. Probably, 
however, the result is mostly due to reflex effects dependent on the 
cord stimulation, and this is confirmed by the fact that excitation of 
the central end of a divided posterior root of the upper nerves will 
cause a great relative rise of pulmonary pressure. 

On the other hand, the excitation of the central end of a divided 
intercostal nervo causes but slight effects both on the pulmonary and 
on the aortic blood-pressures. Occasionally the central end of an 
intercostal produces dopressivo effects similar to those just described 
for the vagus. 

Having thus determined the relation existing between a given rise 
of aortic pressure and the coincident passive pulmonary rise, and also 
the effects resulting from reflex excitation of the cord, vagus and 
sciatic, we will now pass on to the question of the oxisteuce and 
paths of the vaso-motor fibres. 

If the upper part of the medulla oblongata be excited it will, of 
course, be found that a large rise of aortic and pulmonary pressure 
will be obsorved. If, now, the spinal cord be divided at about the 
level of the 7th dorsal nerve and its lower end excited, then just as 
great or perhaps greater rise of aortic pressure will be observed, but 
the pulmonary rise will be either very small iudeed or else entirely 
absent. 

If the upper part of the medulla be now again excited, the rise of 
aortic pressure is small owing to the seotiou of the oord, but the pal* 
monary rise is as great as before. With stronger excitation this rise 
of pulmonary pressure becomes greater whilst the accompanying aortic 
rise is still comparatively small. Thus, in one oase, ilie excitation of 
the lower end of the divided cord caused anaortiorise of 150 mm. Hg. 
The accompanying pulmonary rise was less than 2 mm. Hg. On now 
exciting the medulla in the same animal the aortic pressure rose 
55 mm. only, owing to seotiou of the oord, but the pulmonary pressure 
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rose from 16 mm. to 22 mm. Hg, <.e. f 6 mm. Thus in the latter oase 
the aortio rise was one*third of what it was in the previous experiment, 
but the pulmonarj rise was three times as great. 

This experiment then clearly demonstrates that the pulmonary 
pressure is not dependent on the aortic rise, since the latter can be 
obtained without the former, and a pulmonary rise, veiy considerable 
in amount, can be obtained when the aortio rise is either small or 
large. 

Hence this result points strongly to the conclusion that the vaso¬ 
motor centre can influenco the pulmonary vessels directly. In the 
light of Gaskell’s work on the sympathetic, we naturally turn to tho 
roots of the upper dorsal nerves, and we are enabled to map out the 
paths by which these vase-motor nerves reach the lung. 

When the peripheral end of such a nerve as the Cth or 7th dorsal is 
excited a rise of pressure in both the pulmonary and aortic system is 
observed. The pulmonary rise, although considerable, e.g , 3 or 
4 mm. Hg, is not out of proportion to the aortic rise which, with these 
nerves, may be as much as 30 or 40 mm. itg. On ascending, however, 
very different results are obtained. Thus in one case the 5th dorsal 
gave an aortio rise of 10 mm. Hg only, but the pulmonary rise was 
3 mm. Hg. Clearly the latter was not a passive effect of the former. 
In another case the 4th dorsal gave an aortic rise of 20 mm. Hg, and 
a pulmonary rise of 4 mm. Hg. 

Perhaps, however, the most marked and conclusive result is seen 
with the 3rd dorsal nerve. This nerve frequently causes no aortio 
rise, and, indeed, sometimes actually a fall, e.p., 10 mm. Hg, but in both 
these cases there is a distinct pulmonary rise of 3 or 4 mm. Hg. We 
sometimes get such a fall in the aortio pressure accompanied by a 
pulmonary rise with the 4th nerve and twice we have seen it with the 
5th nerve. 

As a rule these effects cannot be obtained when the accelerators 
produce marked effects, and hence no very definite results have been 
obtained from stimulation of the 2nd dorsal nerve. Often, however, 
the heart is already beating rapidly, so that irritation of the accelerator 
nerves causes no further increase in rate, and it is under these circum¬ 
stances that the pulmonary vaso-motor fibres can be most easily 
demonstrated. Thus, as we pass from the 7th to the 2nd nerve, the 
effect of their excitation on the aortic pressure diminishes as we pass 
from below upwards, and the upper nerves may even cause a fall of 
pressure in aystemie circulation. On the other hand, the effect on the 
pulmonary pressure seems to increase as we pass from below upwards. 
Hence we may conclude that the vaso-constriotor fibres for the lungs 
leave the spinal cord in the roots of the dorsal nerves from the 2nd 
to the 7th. 

An attempt was made to separate the pulmonary nerves from the 
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cardiao nerves in the branches of the ganglion stellate ra and in the 
annulus Yieussenii. As yet, however, we have not been able to 
separate the pulmonary v&Bo-motor fibres from the accelerator fibres. 

The objection will of course be made that the effects are slight, 
and no doubt they arc, but when we consider that enormous changes 
in the aortic pressure produce such extremely slight effects, it is clear 
that, small as those effects are, they conclusively show that they are 
dependent on tho contraction of the pulmonary vessels, and not on 
any passive effect from tho Blight rises in the aortic pressure. 

There seems no doubt that the va90-constrictor mechanism of the 
lungn is not very highly developed. It is impossible to get anything 
like a doubling of pulmonary blood-pressure by any kind of nerve 
excitation, although the systemic blood-pressuro can easily be doubled 
or even quadrupled. The amount of possible contraction of the 
pulmonary arterioles is probably not nearly so groat as that of the 
systemic vessels, and this view is confirmed by the results of asphyxia 
on the pulmonary circulation. 

Remits of Asphyxia on the Pulmonary Circulation . 

In asphyxia both the aortic and tho pulmonary blood-pressures 
undergo a considerable rise, but the rise of pressure in the pulmonary 
vessels lasts longer than that in the systemic, so that when the aortic 
pressure is falling rapidly, the pulmonary may be at its highest point. 

The rise of pressure occurs synchronously in the two sets of vessels, 
and the general course of the two curves is the same, except that the 
pulmonary rise is more gradual than the aortic rise. As & rule, the 
sudden and great elevations soen on tho aortic blood-pressure carve 
are not well soen on the pulmonary trace, but notwithstanding this, 
the maximum rise of the pulmonary pressure may b© very considerable, 
e,y. t it may be doubled. 

If, however, so large an effect as this is seen, the aortic pressure 
will have undergone a very much greater relative rise, i.e. y it will 
have been quadrupled. 

The Traube curves, so well marked on the aortic blood-preBsure 
tracing, are but faintly marked in the case of the pulmonary artery, 
and hence it is difficult to say whether the effects are direct or due 
simply to passive reaction from the systemio circulation. It is probable, 
however, that they are direct. 

The ourious maintenance of the pulmonary pressure at such a 
.height as death approaches, when the aortio pressure has fallen 
perhaps to half its previous height, is probably due to venous disten¬ 
sion as much as to the increased peripheral resistance, but this is a 
point we wish to investigate farther. 
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Conclusions. 

The pulmonary vessels of the dog are Bnpplied * ith vaso-motor fibres 
leading the cord through the roots of the uppermost dorsal nerves. 
No efferent vaso-motor fibres have been detected in the vagus nerve. 

The pulmonary circulation is comparatively independent of the 
systemic, and alterations in the blood-pressure of the latter must be of 
large amount to affect the pulmonary blood-pressuro. It is probable 
that no rise of aortic pressure can materially influence the pulmonary 
blood-pressure, unless it is so great in amount or duration that tho 
heart muscle and valves are unable to cope with it, and so an actual 
regurgitation is produced. 

It is possible that tho pulmonary blood-pressure can also be affected 
by rises of systemic pressure causing venous distension, and honco on 
increased supply to the right side of the heart. 

Finally, although it is undoubted from the results of this research 
that the mammalian pulmonary vessels receive vaso-motor nerves, yet 
it is probabl© that tho vaso-motor mechanism is but poorly developed 
'as compared with that regulating the systemic arteries. 

In this respect it may be that the pulmonary system holds an inter¬ 
mediate position between the Bystemic arteries on the one hand and 
the veins on the other. 

This question wo hope to elucidate by a further research. We also 
hope that, shortly, wo shall be able to give the results of our researches 
on the vaso-dilator nerves of the lungs. 


Present, February 21, 1889, 
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Professor G. G. STOKES, D.C.L., President, in the Choir. 

Tho Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read :— 

I. “On the Spectra of Meteor-swarms (Group III).” By J. 
.Norman Lockyer, F.R.S. Received February 14,1889. 

I. Introductory . 

Up to the present time the prevailing idea has been that nebulee, 
stars, and comets represent different orders of bodies in the cosmos, 
and all classifications have proceeded on the assumption not only that 
these bodies are variously constituted but that in the case of the 
“ stars ” all are becoming oooler. In a paper communicated to the 
Royal Society in 1865, # Dr. Huggins writes: “ My observations, as 
far as they extend at present, seem to be in favour of the opinion that 
the nebula which give a gaseous spectrum are systems possessing a 
structure and a purpose in relation to the universe, altogether dis- 

• 1 Roy. Soo. Proc.,' vol. 14, p. 80. 
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tract and of another order from the great group of connical bodies to 
which our son and the fixed stars belong." 

With regard to the most generally accepted classification of stars, 
that of Vogel, Dnn4r (“ fitoiles k Spectres de la 3me Classe ") writes, 
" Solon la th£orie il faudra quo tbh on tard fcoutes les Itoiles de la 
premiere classe devicnnent de la secoude, et collcs-oi de la troisi&tue." 

Vogel, and before him, others, working on the assumption that all 
the heavenly bodies were reducing their temperature, practically 
inolndcd all stars between the hottest and the coldest in one class 
(Glass Ho of Vogel). 

In previous papers to the Royal Society T have adduced evidence to 
show that all cosmical bodies are or hare been meteor-swarms, that 
at the present time some are increasing and 1 some are reducing their 
temperature. Thus, in the Bakerian Lecture, 1888, T demonstrated 
that nebulae and stars of Group II (Class Ilia) are still increasing in 
temperature by the condensation due to gravity, and that tho red 
stars of Group VI (Class Illfc) are at a nearly equal mean tempera¬ 
ture to stars of Group IT, but are cooling bodies. 

In these extreme cases the differentiation between the two groups 
was comparatively easy. In the case of those stars which are a little 
less hot than the hottest, whether they are getting hotter or cooler, 
the spectral difference cannot nearly be so well marked, as both 
classes will have line spectra; but it was essential to my hypothesis 
that these bodies should be resolvable into two groups, one increasing 
and one decreasing in temperature, with spectra proper to each. 

The object of the present paper is to set forth the evidence which 
shows that this differentiation is possible, and to Buggest the lines 
along which fnture researches on the subject might follow. 

In this paper, which is only to be regarded ois preliminary, I pur- 
pose to state the information already obtained with respect to 
Group III, and its relation to the two groups which bound it, in 
order that the validity of the distinction that I have drawn may be 
further tested. At present the observations are not sufficiently 
detailed to enable a classification into species to be made, as was done 
for Group II, so that we hare to be contented with a general state¬ 
ment of the seqnence of phenomena in passing from the early to tho 
later stages of the group. 

The observations lay no claim to great accuracy; only small disper¬ 
sion bas been employed, and only a reconnaissance has been attempted. 
The general method has been first to observe the differences between 
stars like Capelin, which mostly resemble the sun, and those like 
a Cygni and « Tauri, which Hhow marked variations. In this way 
the criteria which are hereafter enlarged upon were determined. 

Particular attention was directed to the manner in whioh the 
flutings which form the special characteristic of Group II died ont in 
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passing from Group II to Group III; and what other phenomena 
accompanied the transition, and what were the special phenomena 
which accompanied the gradual distension of the hydrogen lines in 
passing to Group IV. There has not been a sufficient number of fine 
nights since the work commenced to enable this to be done com¬ 
pletely. 


II. General Statement of Conditions. 

A general statement of tho conditions of the problem was given in 
the Bakerian Lecture (p. *26); and I here reproduce the greater part 
of what I then wrote on the subject. 

“ The passage from the second group to the third brings ns to those 
bodies which are increasing their temperature, in which carbon radia¬ 
tion and fluting absorption have given place to liue absorption. At 
present the data already accumulated by other observers have not' 
been discussod in such a way as to enable us to state very definitely 
the exact retreat of the absorption—by which I mean the exact order 
in which the absorption lines fade out from the first members to the 
last in the group. We know generally that the earlier bodies will 
contain tho line absorption of those substances of which we get a 
paramount fluting absorption in the prior group. We also know 
generally that the absorption of hydrogen will increase while the 
other diminishes. 

“ The next group—the Fourth—brings us to the stage of highest 
temperature, to stars like a Lyrao, and the division between this group 
and the prior one must be more or less arbitrary, and cannot at present 
be dofined. One thing, however, is quito clear, that no celestial body 
without all tho ultra-violet lines of hydiogen discovered by Dr. 
Huggins can claim to belong to it. 

“We have now arrived at the culminating point of temperature, 
and next pass to the descending arm of the curve. The Fifth Gronp, 
therefore, will contain those bodies in which the hydrogen lines begin 
to decrease in intensity, and other absorptions to take place in conse¬ 
quence of reduction of temperature. 

“ It seems fair to assume that physical and chemical combinations 
will now have an opportunity of taking place, thereby changing the 
constituents of the atmosphere; that at first, with every decrease of 
temperature and increase iu the absorption, lines may be expected, 
bat it will be unlikely that the coolest bodies in this group will 
resemble the coolest bodies in Group III. 

“ Up to the present time observers have not recognised the import¬ 
ance of these considerations, and since only one line of temperature, 
and that a descending one, has been considered, no efforts have been 
made to establish the necessary criteria between Groups III and V/’ 

It follows from the above that criteria are only possible from the 
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feet that on tbe ascending side of the curve the vaiying volatilities of 
the xneteoritic constituents of the swarms brought out by successively 
higher temperatures are in question, whilst on the descending side of 
the curve we have to deal with successive chemical combinations, 
brought about by a fall of temperature in a gaseous mass. 

Ill, Halation between the Early Specie* of Group III and the Later 
Species of Group IL 

Since bodies of Group III are produced by the furthor condensation 
of the condensing swarms which I have included in Group II, there 
must be a close relation between the earlier species of Group TII and 
the later species of Group II; that is, if there bo anything like the 
continuity which my hypothesis demands. Wo know, for instance, 
that in the later species of Grunp 11, there aro flutings both dark and 
bright, and dark lines, amongst tho latter being 6, 1), and E. As the 
lines are produced, so to speak, at tho expense of the flutings, we 
should expect to find that lines of magnesium, sodium, manganese, 
and iron are the most prominent, especially in the earlier species of 
Group III. In a Orionis we have associated with tho metallic flutings 
the lines b and D, and both are well developed, E is also present, but 
it is not nearly so strong as b or D. The F line of hydrogen is shown 
as a thin line in a photograph of the spectrum taken by Professor 
Pickering, although, as far as I know, it had not been previously 
recorded. With an increase in temperature, a condensing swarm 
like m Orionis would give a spectrum without flutings; the magne¬ 
sium flutings would be replaced by ft, and the iron fluting would be 
replaced by iron lines, of which E and the lino at 579 would be the 
most prominent. F is absent in most of the stars of Group II, 
because the radiation of hydrogen from tho interspaces is just suffi¬ 
cient to balance the absorption; but in bodies of Group IK, the 
interspaoial radiation will have almost disappeared, and absorption 
will be predominant. We shall thus have F appearing thin in the 
early stages of Group III, and gradually thickening until it becomes 
as thiok as in a Lyra. 

In the earliest stages of Group III we should therefore expect to find 
F and E thin and ft and D thick. As yet we have no evidence as to 
the first appearances of dark ft and D in Group II, but future obser¬ 
vations made with special reference to this point will at once indicate 
in what species they first make their appearance as absorption lines. 

With the next increase of temperature F and E will thicken, bat ft 
and D will show no marked difference. With a further increase 6 and 
D will lose their supremacy, and will be only of about tbe same thick¬ 
ness as F and E, because most of the magnesium and sodium would 
hate been driven out with tbe first rise in temperature. Afterwards 
all the lines, except those of hydrogen, will gradually thin out on 
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account o! the increased temperature. Finally, the spectrum will be 
of the type represented by * Lyra. 

The question here arises, where are we to draw the line between 
Group II and Group HIP If my definition of Group II as the 
11 mixed fluting ” group bo accepted, we must obviously draw the line 
at the stage where carbon radiation disappears. The iron fluting at 
615 remains for a considerable time after this happens, so that the 
earliest species of Group III will be marked by the absorption 
flirting of iron in addition to the characteristic line absorption. This 
being the case, observations show that Aldebaran is a good example 
of nn early stage. 

IV. The Relations of the Later Species of Group III to Stan of 

Group IV. 

The spectrum characteristic of Group IV is that of excessive 
hydrogen absorption, with other lines exceedingly faint. In passing 
from Group III to Gronp IV, therefore, the hydrogen lines must 
thicken whilst the metallic lines thin. In a letter to M. Dumas in 
1872 I suggested that possibly the simplification of the spectrum of 
a star might be associated with the highest temperature of the vapour, 
and that idea seems to have been accepted by other investigators 
since that time. It is now generally accepted that stars with thiok 
hydrogen lines (Gronp IV) are the hottest stars. 

The reason why we have hydrogen absorption in such great excess, 
is, I have little doubt, that most other substances have been dis- 
sociated by the intense heat resulting from the condensation of the 
meteoric swarm. We are, in fact, driven to this conclusion, beoanse 
the hydrogen which was originally occluded by tho meteorites must 
have been driven off long before this temperature was reached. 

In passing from a star like % Tauri to one like * Lyre, the metallic 
lines would thin and disappear in some order determined by their dis- 
sociability or Borne other quality. The later stars of Group III are 
therefore very closely related to stars of Group IV, and the division 
between the two must be more or less arbitrary. For simplicity's 
sake, I have taken Group IV as tho point of maximum temperature. 

V. The Observations having reference to Specific Differences in 
Group III . 

The observations have been made at the Astronomical Laboratory 
at South Kensington by Mr. Fowler, assisted by Messrs. Baxandall 
and Coppen (with the 10-inch equatorial and star spectroscope by 
Hiiger) in connexion with my own observations at Westgate (made 
with a 12-inoh mirror, kindly lent to me by Mr. Common, and a small 
Maolean spectroscopic eyepiece). All measurements and oomparisous 
suggested by my own observations were made by my assistants, as at 
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present I have no means of doing this myself. The stars selected for 
observation were a few of the brightest hitherto known as belonging 
to Class Ila of Vogel's classification. A few stars more advanced than 
the Ila stars and a few less advanced were also observed in order that 
the passage from one group to the other might be determined. 

The main points to which attention was directed wore (1) the 
relative intensities of F, 6, E, D, both in the same star and from star 
to star; (2) the lines which appear to be special to one group or the 
other (III or V). 

The importance of observing the thickness of F in the speotrnm of 
a star, as compared with its thickness in other stars, is obvions, for it 
at once enables ns to fix the position of the star on the temperature 
curve immediately we have determined whether its temperature is 
increasing or decreasing. 

Details of the observations of the thirteen stars which appear to be 
on the ascending side of the temperature curve are given below. One 
of these is a Group IV star, and ono is a swarm of the last species of 
Group II. The remainder belong to Group Ill. 

The stars are arranged in order of temperature, beginning with the 
lowest, as far as the observations enable us to do this. In general, 
the observations have been limited to the region of the spectrum 
lying between F and the iron fluting in the red at wave-length 615. 

The wave-lengths of the lines and flutings were determined by 
direot comparison with the electric spark, and with the lines and 
flutings seen when the various substances are volntilised in tlio 
Bunsen burner. On one or two occasions, comparisons were also 
made with the spectrum of the Moon. 

* Celt .—F is fairly well seen, but it is not nearly so thick as b or 
D, and not quite as thick as E. D is pretty thick and lies in the 
Mn (2) fluting (586). b is also thick. The trio of lines* in the 
green is present, the most refrangible member being the darkest. 
Lines are present at about 579 and 568*5, the former being the stronger. 
Lines at 499 and 552 rather thin. The absorption Fe (1) fluting at 
615 and Mn (2) are both present, but far less intense than in Mira 
Oeti. The flutings Mn (1) 558 and Pb (1) 546, are also both feebly 
visible. The brightest fluting of carbon at 517 is just perceptible. 
This is therefore a very late star of Group II. It is, in foot, the most 
advanced Group II Btar of which observations have at present been 
made. 

c Aurigce .—Spectrum greatly resembles that of Aldebaran. F is 
thin. D is very thick, and more prominent than b . The trio of lines 
in the green is weil seen. 579, 508, and the lines near 546*5 and 558 
are well seen. The lines at 499 and 552 are also present. The irou 

* The trio referred to in the observations comprises the lines E (5968), 5827, 

540. 
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fluting at 615 is present, and is a little stronger than in Aldebaram This 
and the relative thickness of F lead to the conclusion that the star 
falls between « Ceti and Aldebaran. Carbon 517 has disappeared. 

a Tauri F, E, and 499 are all about the same intensity, but none 
of them are so strong ns b or D. The trio is present, E being a little 
thicker than tho second and third members. All three are seen to be 
double when a high power eyepiece is employed. 579 is nearly as 
thick as E and is stronger than 568. Groups of linos near 546 and 
558 are fairly strong. 552 is also well seen. The Fe (1) fluting in 
the red (615) appears rather weak, and a pretty strong line runs 
through it near tho most refrangible edge. There is also a line 
between b and 499, another between E and 5327, and many others. 
Tho Mn (2) (586) fluting is possibly visible at times. 

X Oj)hiucki .—F is slightly stronger than in « Tauri, but is a little 
thinner than E. Not so thick as in a Cygni or m Serpentis. D is the 
strongest line in the spectrum and b comes next. 579 and 568 are 
both about the same intensity as E; so is 540, whilst the remaining 
member of the trio is rather weaker. The lines near 546 and 558 are 
fairly strong, as is also 499. The iron band in the red is absent. 

ft Ophiucln. —F and E are about equally thick in the spectrum of 
this star. F is thicker than in Arcturus, but is not so thick as in 
* Cygni. The trio is complete, all the three linos being very well 
Been, b is the strongest line in the spectrum and D is the next. 568 
is present, but weaker than 579. The lines near 546 and 558 are 
also certainly present. The line at 499 is about as thick as E. 552 is 
present. 

e Pegabi .—F is about as strong as in m Aqnarii; D and 6 are about 
equal and as strong as F. 579 is stronger than 568 but is not quite 
so strong as 1). E and 540 are not nearly as strong as 579; the other 
member of tho trio (5327) is very distinct. 499 and the lines near 546 
and 568 are all fairly strong. 552 is also present. 

« Aqmrii ,—F and b seem about equal in intensity in the spectrum 
of this star. D is not quite so strong as 5, but is a little stronger 
than E; the other two lines of the trio are rather faint.. 579 is about 
as strong, or perhaps stronger, than E. 568 is mnch weaker than 
579. 499 is a fairly strong line. The lines near 546 and 558 are well 
visible. 

y Aquilcs, —F is not nearly so strong as in • Aquile, and is a little 
thinner than in « Cygni. 6 and D are well defined, and about equal 
in intensity, whilst E is a little weaker; the remaining members of 
the trio are fainter than E. 579 and 568 Are present, the former being 
about as strong as E, but the latter is barely visible. 499 and the 
faint lines near 546 and 558 are present; also an important line less 
refrangible than 1), which was found by comparison with the eleotrio 
spark to be near 598. Another fainter line was seen near 612. 
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m Cygni .—All Hues except those of hydrogen are rather faint. F is 
the thickest line, G could not be Been very well, but C was well 
visible. D is fairly strong in comparison with b or E. E seems a 
little fainter than fc, but stronger than the other members of the trio. 
579 and 568 aro seen, the former being much the stronger; it is 
almost as strong as D. The line near 499 is not very strong, and 
there appears to be a line on each side of it. The faint lines near 546 
and 558 are also visible. 

7 Cygni.— The lines aro mnch easier to boo and much more numerous 
than in a Cygni, although the whole spootrum is very much fainter. 
F is thicker than in m Cygni, and G is also visible. D and b are about 
equal in intensity, E is about the samo as D, but much stronger 
than the other members of tho trio. 579 is nearly as strong as E, but 
much stronger than 568. 499 is faint but certainly present. The 
lines near 546 and 558 are also present. 

fi Cygni .—All tho lines except those of hydrogen are faint. F and 
G are thicker than in 7 Cygni, and therefore thicker than b or E, 
whilst E is thicker than the other members of the trio. 579 is a 
little stronger than 568. 499 and t,ho lines near 546 and 558 are 

about equal, but very faint. 

fi Vvrsei .—All lines fdint with the exception of those of hydrogen. 
F and G both thick. 5, D, and B are about equal iu intensity. The 
remaining two members of tho trio are also as thick an E. 579 is 
present, but 568 could not be seen. There is also a line near G, about 
450; it is seen in the Henry Draper Memorial photograph of tho 
spectrum of this star as a double, but it could not bo resolved with 
the power used. 

a A quitw .—All linos very faint except those of hydrogen. F and 
G very thick. 6 , D, and E very faint but about equal in intensity. 
579 is not quite so strong as D. 499 is fairly well soon, as are also the 
two lines near 546 and 558. 

mLyra .—All the lines except those of hydrogen are exceedingly 
faint. F is very Btrong but G is not quite so thick, b and D are fine 
lines, and about equal in intensity. The trio is undoubtedly present 
as also the lines near 546, 558, and 579, 

The results of the observations which have been referred to are 
embodied in fig. 1. The star at the lowest temperature is on the 
lowest horizon, and the one at the highest temperature is on the top 
horizon. The thicknesses of the lines have been greatly exaggerated 
in the diagram, in order to render the variations more obvious. 
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The wave-lengths and origins of the lines and datings recorded in 
the observations are shown iu the following table:— 


Wave-length. 

Origin. 

Wave-length. 

Origin. 

434(G) 

Hydrogen. 

652 

Magnesium. 

486 (K) 

409 

m 

f 

658 (fluting) 
n (line) 

Manganese (1) 

P 

51661 


5 68 

Sodium. 

6172 V (5) 

Magnesium. 

679 

Iron. 

5183 J 

Manganese. 

686 (fluting) 

Manganese (2). 

6268 (E) 

Iron. 

689(D) 

Sodium. 

6827 

tt 

698 

P 

6400 

Manganese. 

612 

? 

646 (fluting) 

•i (line) 

Lead (1) 

P 

616 (fluting) 

Iron. 


VI. Criteria between Groups III and V as deduced from the 
Observations . 

The general conclusion to be drawn from the observations is that 
there are several lines in the spectra of stars on the ascending side of 
the temperature curve, which do not occur in stars with a spectrum 
resembling that of the Sun, which mast lie on the descending side of 
the onrve, as we know it to be cooling. 

Some lines, such as F, 6, D, and E, are common to both sides of the 
curve, though the relative intensities are slightly different. 

The principal criterion in the visible part of the spectrnm is the 
doable line about wave-length 540, which, with the two iron lines 
E (5268) and 5327, forms the trio referred to in the observations. 
Each member of the trio is seen to be double when a high power is 
used. These three equidistant lines, which are of nearly equal inten¬ 
sities, are well seen in Aldebaran and several other stars, but are not 
seen as such in either Arcturus or Capella. 

Tn Arcturns and Capella, as in the Sun, there is a double line 
(5403, 5404-9) which makes an almost equidistant trio when com¬ 
bined with E and 5327. Direct comparison with Group III stars, 
however, shows that the lines are not coincident. On one or two 
occasions the spectra of some stars of Group III were compared with 
the spectrum of the Moon; in the absence of the Moon, compari¬ 
son was made with Arcturus or Capella. A comparison of the 
Group III line with the Mn line at 540 referred to in previous papers 
shows a perfect coincidence with the dispersion employed; and since 
both are double we are driven to the conclusion that the 540 lino 
in stars of Group III is due to manganese. Again, the double in 
Group V ia considerably weaker than E, whereas that in Group III 
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is very nearly as strong as E. The appearance presented to the eye 
by the real trio in stars of Group III is accordingly very different 
from that presented by the three lines in stars of Group V. 

Besides the least refrangible member of the trio there are other 
lines which are special to Group III. One of these lies between F 
and 5, at wave-length 499, as nearly as can be determined with small 
dispersion. In some of the stars this line is very strong. It is only 
seen as a very faint line in Capella, Arcturns, or the Sun, and is con* 
sequently an important criterion. The nearest line of anything like 
equal importance in Group V Rtars is the iron line at 4957. 

Two lines, at 579 and 568 respectively, also appear to he spooial to 
Group III. No lines of similar intensities are seen in either Capella, 
Arcturus, or the Sun in those positions, although fainter lines are 
seen. 

In Rowland's photographic map of the solar spectrum there is a 
line at 5659 which is much stronger than the one nearest to 568, and 
this is not seen at all in Group III stars. Only a very faint line is 
indicated in the same map at 5791, there being a stronger line at 
5763 which is not seen in Group Til stars. The two lines at 568 and 
579 are, therefore, special to Group III. The line at 579 was com¬ 
pared directly with the low temperature iron lino at 579, and the 
coincidonee established with tho dispersion employed; this may, 
therefore, be taken as due to iron. It may also.be suggested that the 
line at 568 is the doublo green line of sodium, which appears bright 
in some of tho bodies of Group I. Other lines referred to in the 
observations are noar 546 and 558, but it is not easy to distinguish 
these from lines seen in stars of Group V. There are several strong 
lines seen in the solar spectrum in the neighbourhood of 546, and 
there are also strong lines at 5573 and 5587. In order to determine 
whether these lines will serve as criteria or not, further inquiry with 
greater dispersion will be necessary. 

The magnesium line 5527 appears to be common to both Groups 
III and V, just as b is common to both. 

There seems to be no doubt, therefore, that criteria between Groups 
III and V have been determined by the observations, and we are now 
in a position to assign the stars of Vogel's Class 11a to one group or 
the other according as the lines which have been shown to be special 
to Group III are present or absent. 

One of the chief objects I have had in view in writing this paper ie 
to enable others to take up this important piece of work as soon as 
possible when once the idea of increasing and decreasing temperatures 
is generally accepted. 
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VII. Tests. 

We have an important test of the accuracy of the preceding observa¬ 
tions in tracing the continuity of the linen in passing from the earlier 
to the later species of the group. In the map which accompanies this 
paper, the stars have been arranged in order of temperatures by 
reference to the thickness of F, it being universally agreed that those 
stars in which the hydrogen lines are thickest are the hottest. With 
the stars in this order we ought to find that if a line be visible in any 
two of the stars, it is also visible in any other star of the group in 
which F is of an intermediate thickness. On first arranging the 
stars in this way, it was found that there were here and there breaks 
in the continuity of the linen, but further observations, made with 
special reference to the breaks, showed that the discontinuity was due 
to the incompleteness of the first sets of observations. The ouly 
break now shown on the map is the apparent absence of Mg 5527 in 
X Ophiuchi, and this was not discovered before the star had got too far 
to the west to be re-observed. 

Wo have another test in tracing the variations in the intensities of 
the various lines in passing through the series. Assuming that a 
sufficient number of stars have been taken, there ought to be no 
abrupt change in the thickness of a line in passing from star to star. 
The temperatures at which a line is at its maximum thickness will 
depend on the volatility of the substance which produces it, so that 
all the lines need not necessarily have their greatest thicknesses in the 
same star. The continuity as regards tho intensities of the lines is 
quite as perfect as could be expected from a preliminary survey. 
Thus D gradually thins from a Ceti to * Lyra?; b thickens from 
« Ceti to e Pegasi, and then thins gradually to a Lyra?. This differ¬ 
ence in the behaviour of h and D is obviously duo to the fact that all 
the sodium would be distilled out of tho meteorites before all the 
magnesium was driven out. E (6268), 5327, 540, and 499 gradually 
thicken to ft Ophiuchi aud then thin out. The Hue at 579 is almost 
equally thick in ft Ophiuchi, c Pegasi, * Aquarii, and 7 Aquil». The 
line at 568 has a decided maximum in x Ophiuchi. The lines near 
546 and 558 have their greatest thickness in the earliest stage of the 
group, gradually thinning out towards the last. Tho remnant of the 
iron fluting (615) is seen to gradually disappear between a Ceti and 
« Tauri; no trace of this fluting was seen with the dispersion em¬ 
ployed in any of the stars of a higher temperature than m Tauri. As 
the fluting disappears it is replaced by iron lines of gradually increas¬ 
ing intensities. The hydrogen line at G was not seen in any of the 
stars below a Cygni, but it does not follow that it was absent, because 
the lower stars being generally fainter, the attention of tho observers 
was not direoted so far into the blue. 
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It will be teen, then, that the continuity it practically perfect, both 
at regards the intensities of the lines and the presence in each star of 
the lines necessary for perfect continuity. 

VIII. Sequence of Spectra in Group III. 

The general seqnence of spectra in passing from the earlier to the 
later species of Group III is as follows, os far as the observations have 
at present gone:— 

(I.) The hydrogen lines are thin. D is thicker than 6. The iron 
fluting is faint. 499, E, 5327, 540, 568, and 579 are thin. 546 and 
558 are fairly thick. 

(2.) The hydrogen lines are thicker. F, D t and b ore equally thick. 
E, 5327, 540, 579, and 499 are much thicker, being nearly as strong 
as F. The iron fluting has gone. 

(3.) The hydrogen lines are very mnch thicker than the other lines. 
D and 5 are equally thick. E is nearly as strong as b 9 while the other 
lines are fainter. 

(4.) The hydrogen lines are very broad, while all the remaining 
lineB are exceedingly faint. 

Subsequent work will no doubt enable us to further divide these 
sub-groups into finer species. 


II. “On the Magnetic Action of Displacement-currents in a 
Dielectric.” By Silvanus P. Thompson, D.Sc., B.A. Com¬ 
municated by Professor G. Cahky Foster, F.R.S. Received 
February 19, 1889. 

(Abstract.) 

According to Maxwell's well-known views of electrostatic action, 
the variations of electric displacement which occur during the oharge 
or discharge of a dielectric are to be regarded as equivalent to electric 
currants. No direct experimental proof of this point has hitheito 
been forthcoming. The author having calculated out on the assump¬ 
tion of the equivalence between displacement-currents and conduction- 
currents, what the effect would be of the charge or discharge of a 
condenser upon a delicately astatised needle placed near the edge of 
the oondeuser, concludes that the effects would be too delicate to be 
measurable. He therefore resorted to a different method based upon 
the principle that, if a closed curve be drawn around the flux of 
electrostatic displacement, the line-integral of the magnetising force, 
reckoned once round this closed curve, will at any instant be a 
measure of the rate of change in the electric displacement through 
the enrre. Two forms of apparatus for realising this in an expert* 
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menial way were constraoted. In the more satisfactory form of the 
apparatus an iron annulas sarroanded by a coil of fine silk-covered 
copper wire is embedded in a layer of paraffin wax between two glass 
plates, and pieces of tinfoil are affixed on the outside surfaces of the 
plates to serve as the coatings of a condenser. The electric displace¬ 
ment passes through the aperture of the iron annulus. Any changes 
in that displacement set up magnetic forces acting round the iron 
annulus, which, thereby, is subjected to a varying magnetisation. The 
annulus in turn sets up induction currents in the copper wire that 
surrounds it, these induction currents being received and rendered 
audible in an ordinary telephone receiver. The condenser is connected 
to a Rulimkorff coil which rapidly charges and discharges it. The 
sounds heard iu the telephone receiver establish the reality of the 
magnefie action of the variations in the electrio displacement. 

The author points out that this device, which may be regarded as 
a new kind of proof plane for exploring varying electrostatic fields, is 
probably capable of other useful applications, such an the investiga¬ 
tion of specific inductive capacities. 


Presents , February 28,1889. 
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“An Investigation of a Case of Gradual Chemical Change: 
the Interaction of Hydrogen Chloride and Chlorate in 
. presenco of Potassium Iodide.” By W. H. Pendlebury, 
B.A., late Scholar of Christ Church, Oxford, Assistant 
Master of Dover College, and Margaret Seward, late 
Tutor of Somerville Hall, Oxford, Scienco Lecturer of 
Holloway College. Communicated by A. Vernon TIar- * 
COURT, F.R.S. Roceived November 27,— Read December 
13, 1888. 

The work which wo now have tho honour of laying before the 
Royal Society was undertaken at the suggestion of Mr. A. Vomon 
Harcourt. To him we owe more than wo can express, and we desire 
here to thank him most heartily for his most valuablo aid and co¬ 
operation, by which many rough places in the investigation have 
been made smooth. We also thank the Royal Society for a grant in 
aid of the research, and the Governing Body of Christ Church for 
the use of materials and apparatus. 

Whon substances which act upon each other are brought together 
Under suitable conditions, a change takes place which consists in tho 
disappearance of the original substances and the production in their 
place of an eqnal weight of other substanoes. The change proceeds 
till the wholo of that reacting substance which was present in tho 
smallest relative quantity has disappeared. This process may take a 
long time, as in tho case which forms the subject of the present 
investigation, or tho limit may be reached so rapidly that the change 
seems instantaneous. This difference, however, is one of degree and 
not of kind. In the present case tho masses of the substances mixed 
together were so large relatively to the masses undergoing change 
during the time over which the observations extended, that the masses 
of reacting substancos were practically constant. Thus it happens 
that each sot of observations was of a change proceeding with 
constant velocity. In the second reaction studied by Messrs. Harcourt 
and Eeson— 

H 3 O a +2HI = 2 H b O+I* 

tho amount of change occurring during each interval of time in 
which it was estimated was a considerable fraction of the total 
amount of potential change, as limited by the amount of hydrogen 
dioxide taken. In this case, therefore, the observed intervals of time 
lengthened, being the time required for the performance of the same 
amount of chemical work with a continually diminishing amount of 
active substance. 
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The measurement of these intervals of time (whether constant 
or increasing) during which the same amount of ohemioal decom¬ 
position takes place, can be effected by taking advantage of a com¬ 
paratively instantaneous change which may bo made to go on in the 
same liquid, and one which is very familiar. 

When iodine is produced in a liquid by the action of hydrogen 
dioxide, or some other oxidising agent, on hydrogen iodide, the action 
is a gradual one, but tho introduction of a drop of a concentrated 
solution of sodium thiosulphate at once converts the iodine into 
sodium iodide, and every molecule of iodino produced in tho liquid 
after the introduction of tho drop will be instantly thus converted 
until the thiosulphate present is exhausted. If a small quantity of 
starch is present in the solution, tho moment at which the last trace 
of thiosulphate disappears will be signalised by the appearance of tv 
blue colour in the liquid, the effect of tho free iodine upon the starch. 
Thus, then, by the introduction of constant measured quantities of 
sodium thiosulphate, the rate of progress of the action between 
potassium or hydrogen iodide and some oxidising substance may be 
readily measured. This is the principle and method of division into 
intervals in Messrs. Harcourt and Eason’s classical research, and we 
have adopted it for the investigation of a similar case of chemical 
change. 

The reaction chosen for investigation in the present case was one 
which liberated iodino indirectly. When solutions of potassium 
chlorate and hydrogen chloride are mixed togethor, the mixture soon 
acquires a chlorous smell, and at once liberates iodine from potassium 
iodide, and as time goes on continues to liberate more. The exact 
nature of the primary reaction, producing tho oxidising agent, has 
wot boen ascertained, nor whether the product is chlorine, some oxide 
of chlorine, or a mixture of both. Various reactions are possible. 
The one fact which is certain seems to be that in presence of an 
iodide each molecule of chlorate salt is reduced to the corresponding 
chloride entirely and without intermediate stages, and the equivalent 
in iodine of all three atoms of oxygen sot free. If it were the case 
that the decomposition of the chlorate molecule took place in stages 
there would be observed a considerable variation in the intervals 
depending on the amount of intermediate products present, whioh 
was not the case. 

A mixture of hydrogen chlorate and hydrogen chloride, both 
dilute, reacts exactly in the same way as tho mixturo above, slowly 
producing oxidising material which liberates iodine from potassium 
iodide. It is probably a reaction common to most soluble chlorates. 
Part of tho investigation has been concerned with such mixtures of 
the two acids without any metallic salt. Those have advantages, as 
the reaction is not complicated by the presence of such salts. But 

2 d 2 
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potassium ohlorato was more often employed, being easily obtained 
and kept in a state of purity. 

Bunnen gives the following hypothetical equations for a reaction 
between hydrogon chloride and any chlorate (the equations are given 
with hydrogen chlorate, for simplicity). But in these the number of 
molecules of chlorate reacting is arbitrarily limited to two. Without 
this limitation, it is obvious that tbo list of possible reactions may be 
indefinitely extended. 

Relative proportion. 


1:1 . 2UCIO3+ 2HCl = Cl a 0 + Cl>0 3 +H 3 0. 

1:2 . 2HC10 a + 4HC1 = 3C] 2 0+3H s 0. 

1:8 . 2HCIO3+ GHC1 = 2C1 3 0+2CI 3 +4H 3 0. 

1:4 . 2HC10 3 + 8HCl = Cl 9 6+4Cl 3 +5H a O. 

1:5 . 2HC10 3 +10HCl = 6Cl 3 -h6H 3 0. 


In our experiments the quantity of reacting substances was always 
such that, except for change in sodium thiosulphate, the composition 
of the mixture was sensibly the same at the end of the experiment 
as at the beginning. Each experiment was not carried to any definite 
limit, but was concluded as soon as the constant velocity of change in 
the mixture had been ascertained by the observation of soveral 
intervals corresponding to successive additions of thiosulphate. 

The following considerations show the constancy of the composition 
of the mixture throughout an experiment. Each drop of thio¬ 
sulphate corresponded, on an average, to the decomposition of three- 
vniUionths of a gram of potassium chlorate in each cubic centimetre 
of the mixture). Now, the smallest amount of potassium chlorate 
ever used was 0*01263 gram in each cubic centimetre, and of this 
only 0*000003 gram would have disappeared when as many as 
10 drops of Bodium thiosulphate had been added. This is an 
alteration of about 0*02 per cent. Or, to state it otherwise, in the 
ease of one of the greatest velocities observed, when each interval 
was hardly greater than a minute, there was 0*03788 gram potassium 
chlorate in each cubic centimetre, and this was disappearing at the 
rate of 1 826-millionths of a gram per minute. Speaking roughly, 
it would take about 24 hours, proceeding at this rate, to cause a 
difference of 1 per cent, in the amount of salt present. 

Messrs. Harcourt and Esson represented the variation of the 
intervals they observed with the mass present, 3/, as a logarithmic 
curve with asymptote meeting it when y ss 00. The constant 
intervals obtained in the present investigation would be represented 
in a portion of the curve produced to a great distance in the direction 
of the asymptote, this portion being sensibly a straight line parallel 
to the asymptote, so that the time observed for each interval is 
constant. 
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In our ordinary mode of working the reaction bjbwcen chlorate 
and chloride occurred in preseuoe of iodide. In order to examine 
the reaction when only ohlor&te and chloride were present and the 
products of thoir reaction were not at once reduced, and thus 
removed, the following experiments wore made. Through a vessel 
containing a mixture of hydrogen chloride and potassium chlorate, 
kept at a constant temperature of 30°, a certain volume of air could 
be drawn at a fixed rate. The air, thus charged with a part of what¬ 
ever gas was liberated in the mixture, was drawn through a series of 
wasliing-tubes containing potassium iodide. The liberated iodine 
was determined at the end of equal intervals of time. It was found 
that comparatively little oxidising gas was evolvod. At the end of 
20 hours the amount of gas dissolved in the mixture, capable of 
liberating iodine, was determined, and this quantity also was found 
to be very small. The remarkable diminution in the rate of forma¬ 
tion of oxidising substance when no iodide was present will bo 
evident when it is stated that whereas, in the presence of iodide, the 
change proceeded at such a rate that in 20 hours the amount of 
iodine set free would have corresponded to 6700 c.c. of the standard 
thiosulphate, the oxidising material formed in absence of an iodide 
only set free iodine corresponding to 100 c.o. thiosulphate. 

The action was also found to be reversible in sunlight. Some of 
the mixture of potassium chlorato and hydrogen chloride, which had 
acquired a deep yellow colour, was exposed for a short time to bright 
sunlight; the solution became colourless, and was found to liberate 
no iodine. In our experiments, in presence of an iodide, we found 
sunlight to have no effect upon the rate of change. 

It would thus appear that when the oxidising substance is produced 
in presence of an iodide it does its oxidising work at once and is re* 
moved, and the change proceeds uniformly. In the absence of an 
iodide, however, the oxidising substance accumulates in the liquid, 
and its further production is impeded probably by the occurrence of a 
reverse action. 

Though the potassium iodide appears thus to be a necessary ingre* 
dient of the mixture if the change is to proceed at a uniform rate, it 
doeB not take part in the primary reaction; for otherwise variation in 
the amount of potassium iodide in the mixture, other things being 
unaltered, would produce very marked differences in the rate. That 
this is not the ease was proved by an experiment, the results of whioh 
are shown in the following table:— 
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Table A. 


». 

B. 

». 

B. 

n. 

B. 

1 

81*80 

5 

66*18 

9 

66 *98 

2 

63*20 

0 

66 *93 

10 

05*93 

3 

64*42 

7 

66*10 

11 

66*10 

4 

06*50 

8 

00*40 

12 

00*73 


In this table are given the rates, representing the number of 
hundred millionths of a gram of potassium chlorate decomposed 
per minute in each cubic centimetre of the liquid. The mixture con¬ 
tained in each cubic centimetre 

{ 0*03789 gram potassium chlorate. 

0*02496 gram hydrogen chloride. 

The potassium iodide present during successive intensities was 
n X 0*000001978 gram, and n varied from 1 to 12. 

It will be noticed that there is at first a slight acceleration with 
increase of potassium iodide, hut very far from proportional to the 
increase, as would be the case if the reaction depended primarily on 
the amount of iodide present. After » = 5 the further multiplication 
of the small quantity produced little if any change in the rate. Per¬ 
haps the minute amount of iodide present during the first few obser¬ 
vations was insufficient for the immediate amount of the chlorine and 
chlorous oxides formed. 

In fact the above numbers, besides showing that the liberation of 
iodine is a separate reaction, not the primary one, seem also to indi¬ 
cate that though with the quantity of potassium iodide usually taken 
this secondary reaction is instantaneous compared with the primary 
one, if the quantity is much decreased the former does take up a 
time which is comparable with that of the latter, and so may produce 
an appreciable retardation. 

We shall return to the consideration of variation of potassium 
iodide later on, but have pointed thiB out to emphasise further the 
observation already made, that time must be a factor in all changes, 
bat in very few does the connexion come within onr powers of obser¬ 
vation, so that other changes compared with these few are called 
instantaneous. 

The amount of potassium iodide generally used in our experiments 
corresponds to n as 60 in this series. In other sets of observations 
some of which are recorded in Tables XI, XII, and XIII, p. 417—419, 
the effect of adding larger amounts of potassium iodide was tried. The 
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effect is to produce a slight addition to the rate, proportional to the 
amount of iodide added. A similar resalt has been obtained with 
potassium chloride, and in view of these results we conclude that 
potassium iodide acts only as an indifferent salt, and does not imme¬ 
diately promote the reduction of the potassium chlorate, but only 
serves to prevent the accumulation in the liquid of chlorine or chlo¬ 
rine oxides precisely as the presence of thiosulphate serves to prevent 
the acoumulation of iodine. 


Fm. 1, 


The apparatus employed in all our experiments was the same as 
that used by Messrs. H&rcourt and Esson, and consisted of a cylinder 
of white glass 310 mm. high and 64 mm. in diametor; at a distance 
of 213 mm. from the base a fine line was etched round the oylinder 
ma rking a volume of 792 c.c. The cylinder was dosed with an india- 
rubber stopper perforated with three openings, through which passed 
a thermometer and an inverted funnel tube. The third hole was 
ordinarily dosed with a cork, and served to give access to the con¬ 
tents of the oylinder. The inverted funnel tube was connected with 
an apparatus for the generation of carbon dioxide. 

The method of proceeding was as followsInto the oylinder pre¬ 
viously filled with carbon dioxide was brought the weighed quantity 
of potassium chlorate to be employed, with sufficient water to dissolve 
it. To this was added a measured volume of hydrogen chloride of 
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known strength, together with 10 c.o. of potassium iodide solution 
containing 01 gram of the salt and 10 o.o. of clear staroh solution, 
mixture being rapidly made after each addition by the passage 
of large bubbles of oarbon dioxide from the inverted funnel. 
These bubbles of gas, with a diameter equal to half that of the 
cylinder, served to stir the liquid and aUo to exclude the air. A 
few drops of a dilute solution of thiosulphate wore added to keep 
down the blue colour till all was prepared for observation. There 
was a line scratched on the funnel stem, and this mark and one of the 
graduations of the thermometer were made to coincide with the plane 
of the line round the cylinder. The temperature of the liquid was 
brought up to the required point, then the cylinder was placed on a 
levelling stand, and water was added till the lower surface of the 
meniscus just ooiuoided with tho plane of the marked line. Mean¬ 
while a number of small measures of a concentrated solution of sodiuxh 
thiosulphate had been prepared. These measures must be equal or 
liave a known ratio to each other; they must also be of small volume, 
in order that their additiou may not materially affect the dilution of 
the liquid. These measures were obtained in the following way r—A 
series of tubes about 8 inches long, having a lateral orifice about 
inches from the end, such as would be made for the purpose of 
joining on another tube at right angles, were mounted on a carriage, 
each tube having a separate rest, and all the orifices being in one line. 
By the turn of a screw connected with a rack and pinion these tubes 
could be brought exactly under a siphon delivering drops of thio¬ 
sulphate. The siphon and its reservoirs stood on a bracket attached 
to a pillar of solid masonry to prevent vibration. The whole was en¬ 
closed in a glass case like that of a balance, tho front of which was 
shut down during the time of collection of the drops. The time 
of formation of a drop was generally about half a minute. The width 
of the reservoir containing the thiosulphato is so great in com¬ 
parison with the quantity of solution taken for any one set of experi¬ 
ments that the available length of the siphon and the rate of flow, 
upon whose constancy that of the drops depends, varies in no appre¬ 
ciable degree. At the end of each experiment the value of the 
drops employed was determined by means of a standard iodine 
solution. 

When the observations were to be made the cylinder was placed 
on a sheet of white paper in a good light, opposite a clock beating 
seconds. The paper lay on an iron plate, whioh could be heated at 
once, and by a lamp if necessary, and thus the cylinder could be 
kept at any desired temperature by moving it nearer to or further 
from the heated end of the plate. When once the most convenient 
spot has been selected, a mere touch with the hand was all that was 
required to maintain the temperature constant. 
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The observations were made by looking down on the column of 
fluid and watching the appearanoe of the disk forming its upper sur¬ 
face. As soon as the change is complete a blue shade shoots 
rapidly across the brightly illuminated disk, and there is no difficulty 
in ascertaining the exact second of the change; the observer listens 
to the beat of the clock and counts the seconds whilst watching the 
disk. As soon as the blue colour has appeared, the minute and 
second are noted, and a drop of thiosulphate iH brought into the 
cylinder. The end of the tube charged with a drop is plunged 
into the liquid through the opening for that purpose, and moved up 
and down, active stirring being carried'on by means of the bubbles of 
carbon dioxide. The intervals date from one appearance of the colour 
to the next reappearance, and as the rate is not affected by the presence 
of a small amount of iodine or a small diminution in the amount of 
iodide, it is clear that the fact of thp addition and admixture of the 
thiosulphate not following immediately upon the appearance of the 
blue colour, does not disturb the uniformity of the rate of change. 

The potassium chlorate employed in our experiments was purified 
by recrystallisation. 

The hydrogen chlorate was prepared by the cautious addition of 
sulphuric acid to a solution of pure barium chlorate until no milki- 
ness was produced either by further additions of hydrogen sulphate 
or barium chlorate. The ban am sulphate precipitate was then filtered 
oft, The solution of hydrogen chlorate thus obtained contained no 
chloride. 

The potassium iodide solution was prepared by dissolving 80 grams 
of recrystal Used and fused potassium iodide in 8 litres of water. 

The starch solution employed was propared by adding a magma ot 
starch and water, containing about 5 grams of starch to about 300 c.c. 
of boiling water, and allowing the whole to boil briskly for a few 
minutes. When cool, the liquid was transferred to a cylinder and 
covered over. On standing, the upper part of the liquid become per¬ 
fectly clear; of this 10 o.o. were taken by means of a pipette. 

The hydrogen chloride solution was prepared by diluting pure 
acid till 100 c.c. contained 18*823 grams of hydrogen chloride. 

It may bo of interest here to give the details of an actual experi¬ 
ment. 

Taken—30 grams of potassium chlorate, 200 c.c. hydrochloric acid 
(containing 18*823 grams hydrogen chloride in 100 c.c.), 10 c.c. of 
a clear starch solution, and 10 o.c. of a solution of potassium 
iodide (containing 0*01 gram potassium iodide per o.o.). A few drops 
of a dilute solution of thiosulphate were added to discharge the 
oolour due to the iodine liberated before it was possible to com¬ 
mence observations. 

* The temperature throughout was 20°i 
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As soon as all was ready the time of the first reappearance of 
the blue colour was noted, then a drop of thiosulphate was intro¬ 
duced as described, and the next appearance of colour was noted. 


Table B. 


Time. 

Internal. 

Mins. sees. 

Mins, and decimals 
of a min. 

I 38 24 

I 40 2 

I 41 41 

I 43 20 

1 44 69 

I 46 37 

I 48 15 

I 49 64 

1 38 

1 89 

1 89 

1 39 

1 38 

1 38 

1 39 

1 


The value of each of the thiosulphate drops in standard iodine 
solution was then determined. 

The equivalent of one drop is 6’05 c.c. of this solution, containing 
0*00248 gram iodine per c.c. Now 1 millionth-gram-molecule of 
potassium chlorate liberates 7*62 millionth-grams in weight of 
iodine. 

Therefore the number of millionth-gram-molecules of potassium 
chlorate decomposed in each cubic centimetre of the mixture per 
minute is 


6*05x0*00248 

762x792x1*64 


0*01512 mgm. 


The quantities taken of the reacting substances represented 

HC1 . 20 X 65*11 m.g.m. per c.c. 

KOlOj .... 30x51*5 „ 


Scheme of the Paper* 

In describing the results of our investigations we shall first con¬ 
sider the action of hydrogen chlorate on hydrogen chloride and 
examine the effect of variation of the former aoid on the rate of 
change; we next consider the effect of variation in hydrogen chloride 
on such a mixture. We then oongider and examine the effeot of in¬ 
troducing potassium chloride into the mixture of the two acids, and 
from the results thereby obtained we gain considerable help in our 
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farther investigation, viz., the action of hydrogen chloride on potas* 
nam chlorate. 

In this reaction we examine the effect on the rate of variation in 
the amount of hydrogen chloride, the potassium chlorate being kept 
constant. We then briefly touch on the results obtained by varying 
the potassium chlorate. 

We next consider the effect of variation in the amount of potas* 
sinm iodide present, nsed as an indicator of the performance of a 
definite amount of chemioal work. 

We lastly discuss the effect of variation in the temperature at 
which the reaction of hydrogen chloride and hydrogen chlorate takes 
place. 

Variation in Hydrogen Chlorate. 

A series of observations were made in which tho quantity of 
hydrogen chlorate was varied in arithmetical progression, tho hydrogen 
chloride being kept constant. When each of the numbers repre¬ 
senting velocity of decomposition was divided by a number represent¬ 
ing the amount of hydrogen chlorate present, the series of numbers 
obtained was approximately an arithmetical progression, the differ¬ 
ence being a small one. So that if u represents the hydrogen 
chlorate, R the rate of decomposition, a formula by which the latter 
may be calculated from the former is of the form 

R = «(A+B«), 

where A and B are constants. 

The following tables contain examples of the results obtained by 
experiment, and by calculation from this formula. 

The rate = the number of times the following reaction in millionth 
of a gram-units takes place in each c.c. per minute. 

6HC1+6KI + KC10 8 = 7KC1+3H 3 0+3I 2 . 

HG1 = 16 X 65*11 millionth-gram-molecules in each c.c. 

HGlOg = ux61*3 

u varies from 2 to 6 . 

Table 1. 


«f. 

Bate observed. 

Rate calculated. 

B - .(0 00073+ 0 000025*.) 

2 

0'00246 

0 00246 

8 

0-00434 

0-00444 

4 

0 00606 

0*00692 

5 

0-00996 

0-00990 

6 

0 01320 

0-01838 




406 Mr. W. fl. Pendlebury and Miss M. Seward. 

Table II. 

HC1 = 20x66*11 m.g.m. 

HC10 S sux 61*3 m.g.m* 


«. 

Rato observed. 

Bate calculated. 

R - .(0 00244 + 0 00036a). 

2 

0-00628 

0 00628 

3 

0-01028 

0-01047 

4 

0-01542 

0-01586 

5 

0-02000 

0-02096 

6 

0 -02858 

0-02724 

. __ 

... _» 

_ . .. . 


Table III. 

HC1 = 16x65*11 m.g.m. 
HC10 3 = ttx61-3 m.g.m. 


ft. 

Rate observed. 

Rate calculated. 

R - .(000083 + 000016.). 

3 

0-00393 

0 *00393 

4 

0-00578 

0*00588 

5 

0-00800 

0*00815 

6 

0-01074 

0*01074 


The connexion between the velocity of decomposition and the 
amount of the decomposing substances present is of exactly the same 
nature as that established in a similar way by Messrs. Harcourt and 
Eason, viz., that the velocity varies in the first place directly with 
the mass of the substance present, and that in the second place the 
presence of the substance causes a slight acceleration in the rate 
irrespective of its being decomposed. It has already been con¬ 
clusively shown by their work and that of other experimenters ou the 
same lines that the presenoe in the liquid of any substance which, 
as far as is known, has no chemical action upon the essential in* 
gradients, and may therefore be considered to remain inactive 
during the change nevertheless has its specific effect, accelerating or 
retarding upon the velooity of the change. But Harcourt and Esson 
pointed out that the decomposing substance itself likewise, exercised 
this secondary influence. It does so in this case, and the seoond 
term in the empirical formula represents this secondary effect. 
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Variation in Hydrogen Chloride . 

Having satisfactorily established tlio relation of the rate of change 
to the amount of one of the reacting substances, namely, hydrogen 
chlorate, we naturally sought to find tho connexion between the 
rato and the amount of hydrogen chloride—tho othor reacting sub¬ 
stance. It might be expected that the effect of variation in tho 
hydrogen ohlorido would result in equations of tho same form as 
those givon abovo. Varions series of observations wore made to in¬ 
vestigate this point. Tho amount of acid was varied in arithmetical 
progression, and the rates obtained were divided by tho quantity of 
acid present in each case to see if anything approaching an arithme¬ 
tical progression could be obtained. 

Ho such relation appears to exist, as is shown by the following 
example:— 


Table IV, 

HOI = vx 65*11—3x51*5 millionth-gram-molecules per c.c. 
HClO s = 3x51-5 



Eats observed. 

Bate 

Difference (which ought 


0x66*11-8x61 6 

to be constant). 

20 

0*00780 

644 

86 

62 

61 

66 

19 

0-00604 

558 

18 

0*00516 

506 

17 

0*00405 

445 

18 

0*00831 

379 

15 

0*00265 

810 

DV 

43 

42 

89 

30 ' 

14 

0*00202 

267 

18 

0*00166 

226 

12 

Q-00117 

186 

11 

0*00088 

156 

ov 

35 ! 

1 

1 

10 

0*00060 

121 


The first four or five numbers in the third column might perhaps 
be brought into an arithmetical progression without any serious 
alteration, but taken as a whole, the series of experimental results 
cannot be thuB interpreted* It appears then that the effect of hydro¬ 
chloric acid is not* like that of chloric acid, of two kinds, viz., (1) a 
primary one due to its being a decomposing substance, and (2) a 
secondary one of the nature abovo described. Tet it can hardly be 
supposed that it acts merely in a secondary way ffe a substance 
present and not decomposed, for its effect is proportionally juuoh 
greater than that of chloric acid itself. Thus in the abovfP jperies 
when the quantity of acid is only a little more than doubled (r « 10 
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and v = 20) the rate in the second case is about twelve times that 
in the former. 

We have however proved by trial that chloric aeid of itself, with¬ 
out hydrochloric acid, when mixed in the cylinder with the other in¬ 
gredients, will evolve oxidising material. The rate is exceedingly 
slow:— 

HC1 = 0. 

HC10 3 = G x 51*5. Rate m 0*000000504. 

Temp. = 20°. 

It is possible that two reactions are going on at the same time, one 
with chloric acid alone, the other substances proseut having merely 
their specific effect, and also the action between chlorio acid and 
hydrochloric acid, both producing oxidising material. 

Now amongst the various attempts made to find empirically the 
law of connexion between variation of hydrochloric acid and varia¬ 
tion of rato, one result arrived at was that second differences of the 
rates are approximately constant. Especially is this noticeable for 
smaller quantities of acid. The first differences thus rcsemblo an 
arithmetical progression. The next table consists of the same rates as 
in Table IV, compared with a series of numbers obtained by recalcu¬ 
lation after substituting for the first differences of these a true 
arithmetical progression, boing the one they most nearly approach. 
The constant difference in this case would bo 0'000095. Beginning 
from v = 11 , we get the following results :— 

Table IV&. 


Amount 
of HC1. 
v. 

Bute observed. 

Bate calculated. 

20 

0-00780 

0 00689 

10 

0*00604 

0 *00584 

18 

0 00610 

O 00489 

17 

0'00405 

0 00408 

1« 

0*00331 

0-00327 

15 

0*00255 

0-00260 

14 

0*00202 

0 00203 

13 

0*00156 

000165 

12 

0 *00U7 

0-00117 

11 

0*00088 

0-00088 

10 

0 00060 

0 00068 


From v ss 10 to v s 17, the empirical numbers correspond fairly 
with the observed rates, but afterward* the latter increase more 
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rapidly. Now if two re&otions of the nature above described are 
really taking place, it would lead us to conjecture a connexion 
expressed by the following equation:— 

R = ftw(l+*tt+0v)+£W(l+*'«4* 0'e), 

u and v representing ns usual the quantities of hydrogen chlorate and 
hydrogen chloride present, the other letters constants. 

This expression is of the form 

R = A«fBe+Ce 3 , 

when v is the only variable, and a series of such rates for which v 
was varied in arithmetical progression would have its second 
differences constant. Possibly the coefficient 0 is negative, i.e ., the 
presence of hydrogen chloride interferes with and retards the decom¬ 
position of hydrogen chlorate by itself. This would explain why, in 
the rates obtained with larger quantities of hydrogen chloride (v = 17 
to v = 20), the ordinary formula 

R = lev(\+fi f v) 

more nearly expresses the results obtained ; the reason of this being 
that in the presence of a largo quantity of this acid the other reaction 
may be altogether stopped. All this, however, is conjectural. A 
second series obtained could not be brought into partial agreement 
with the formula above; yet other mixtures of potassium chlorate 
and hydrogen chloride gavo series of numbers of exactly the same 
character as this first one. These scries wo shall give later. The 
variation of the rate with the amount of hydrogen chloride present is 
evidently by i^o means a simple one. The interpretation of its com¬ 
plications that we have suggested can scarcely bo considered fully 
established. It would, however, account for the facts observed. 

Sinco in the main reaction which we desired to study, viz., that 
between potassium chlorate and hydrogen chloride, there would be 
producod during tho reaction some amount of potassium chloride by 
the decomposition of the chlorate, we determined the effect of the 
addition of potassium chloride to the mixture of the two acids, 
hydrogen chlorate and chloride. 

We have already referred to tho fact that in gradual reactions, such 
as the present, substances which remain in the solution apparently 
unchanged throughout the whole reaction yet exercise their speoifio 
influence, accelerating or retarding, on the velocity of the change, 
hence it becomes important to ascertain tho effect of the potassium 
chloride. When the potassium chlorate and hydrogen chloride are 
mixed together, the latter being always in some excess, there is 
double decomposition, and potassium chlorido and hydrogen chlorate 
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are formed. If the action is a complete one, all the potassium 
ohlorate will be converted into chloric acid and potassium chloride 
formed in corresponding amount There is a good deal of evidence 
in favour of the completeness of the decomposition in the cases we 
have investigated. Indeed it is perhaps to be expected a priori that 
when a stronger acid, such as our hydrochloric, is in great excess, it 
might entirely turn the weaker acid out of combination. If this be 
the case, it follows that in this reaction also the reacting substanoes 
are, as before, chloric and hydrochloric acid, and that potassium 
chloride is present as a “ neutral" substance. At any rate, however, 
this compound is present to some extent in the mixture. To deter¬ 
mine its effect mixtures of hydrogon chlorate and chloride were 
made, and to them quantities of potassium chloride in arithmetical 
progression were added, and the effect *on tho rate observed. The 
following tables show the resalts obtained:— 

Table V. 




w. 

R. 

6 x 51*5 miUiontli-gram-mole. 

0 

0 00252 

13x66*11 

2 

0*00281 

tpx61'5 „ 

4 

0*00306 


6 

0*00933 


Difference. 


0-00029 

0*00025 

0*00027 


Table VI. 


• 

w. 

R. 

Difference. 

HC10, — 3 x 61*5 millionth-gram-mols. 

0 

0*00835 

A ■Aaoo 

HC1~ 16x6511 „ 

2 

0*00357 

U UU35Z 

KC1-WX615 „ 

4 

0 00382 

0*0026 


The effect of potassium chloride in the mixture is thus an 
accelerating one, and takes place in accordance with the formula 
already mentioned, the rates increasing in arithmetical progression 
approximately as the quantity of salt present is similarly increased. 
If R* is the rate with a quantity w of potassium chloride, 

E*s= A(C+«w), 

where A and C are quantities independent of to; and a is the co¬ 
efficient of action; and A x C = Bq = rate without potassium 
chloride. 
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Moreover, the addition of the potassium chloride appears to have 
no inch disturbing effect as would result if potassium chlorate was 
formed to some extent as soon as the potassium chloride was added, 
and a condition of saline equilibrium between four substances 
resulted. In tbe first series In the above table the mixture in its last 
stage corresponded exactly to a mixture of potassium chlorate 
(6 x 51“5 millionth-gram-molecules) and hydrochloric acid (18 x 65*11) 
supposing that complete doable decomposition had taken place. For 
comparison, therefore, a mixture was mode containing initially these 
amounts of potassium chlorate and hydrochloric acid with this 
result;— 

Rate obtained = 0*00387, 

Rate in table as 0 00333. 

This result might, of course, be taken merely to mean that the same 
state of s&liue equilibrium had boon attained in both cases, but it has 
been already pointed out that the effect of progressive additions of 
potassium chloride, giving a result expressible by a formula like the 
above, is to show that it remains an unaltered substance in the 
mixture. 

In the experiment detailed below, the salt was added to a mixture 
made with potassium chlorate and hydrochloric acid, and therefore it 
is presumed that it contained already some potassium chloride, 
obtained by saline decomposition. The results then obtained were of 
the same nature as before:— 


Table VIL 



10. 

R. 

Difference. 

KCIO. - 2 * 51*8. 

e 

0*60854 

0*00018 

0*00022 

0*00621 

HC1 - 16x66*11-2 *51-5. 

2 

0*00372 

XCi- wkSI-1 

4 

6 

0*00394 

000411 


It will be seen that the salt added continues to have its specific 
accelerative effect, and though At the end the whole quantity of 
potassium chloride present was 8x5'15 millionth-gram-molecules, 
there is no sign whatever x»f the saline equilibrium being upset. The 
quantity of hydrochloric acid present is about double this (16 x 63* LI 
-2x515), 

In all these experiments, the highest precision in adding the 
potassium chloride was not possible, as it was necessary to add the 
solid salt to a liquid of standard volume, and a slight variation of the 
conditions of the experiment besides the one contemplated was thus 
inevitable. 

VOL. xly. 2 K 
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Hut we think there can be no doubt of the troth of tho important 
conclusion we make from these experiments, that in all the mixtures 
we have made with potassium chlorate and hydrogen chloride (the 
molecular ratio varying from about 1 : 2 to 1 : 12) there is complete 
and immediate double decomposition, leaving in the mixture potassium 
chloride, hydrogen chlorate, and oxcoss of hydrogen ohlorido; and 
that the reaction producing oxidising material takes place between 
the two acids aloue. 

For the facts are briefly these. Corresponding to each mixture 
of potassium chlorate and hydrogen chloride, wo may make ft 
mixture containing of bydmgon chlorate tho amount corresponding 
in molecular weight to tho potassium chlorate, and of hydrogen 
chloride the amount ns before less the quantity required to decompose 
the potassium chlorate. Then tho into in this second mixture will bo 
a little slower than that iu tho first. If now the amount of potassium 
chloride corresponding molecularly to the potassium chlorate be 
taken, divided into a small numl>er of equal quantities, and these 
added separately to the second mixture, tho rato will increase by an 
equal quantity for each addition (as upon the introduction of any 
neutral salt), until when all has been addod the rate is approximately 
the same as that of the first mixture. 

The following are further examples of the correspondence between 
the two sorts of mixtures :— 


Table VIII. 

"HClOj — 6 x 515 Tudliontb-gnMn-moleonles per e.v. 
HCl * 18 x 65-11-6 x 51*5. 

KOI-6x51-5. 

Bate - 0*0105. 

KC10 3 «6x5T-5. 

HCl - 18*65-11. 
y Kato - 00104. 

fKClOi- 6x61*5. 

1101- 15x65 11. 

Bate - 0-00554. 


IM 


HC10, 

HCl 

KOI 


6 x 51'5. 

15x65-11-0x61*5. 
6x51*6. 

Bate - 0*00555. 


'KOOa — 2 x 51-5. 

HCl-16x6611. 

Bate - 0-00195. 


HC10 a — 2x51-5. 

HOI -15x65-11-2x51*5. 
KOI-2x51-5. 

Bate - 0-00101. 


IIM 
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We are now in a position to disease Hie results obtained in the 
investigation whieli Mr. Harcourt originally proposed that we should 
uiako, viz., the action of hydrogen chloride on potassium chlorate. 

We shall first discuss the results obtained by varying the hydrogen 
chloride, keeping the potassium chlorate fixed. The hydrogen 
chloride varied from v = 20 to v = 10. After the double deconi- 
position mentioned, the amount of acid present is vx 65*11—nx 51*5. 
As n is constant, the acid varies in arithmetical progression. In the 
following table u = 3, and thus corresponds to the chloric acid results 
m Table IV as far as the amounts of acid go, and only differs from 
it in having present a certain quantity of potassium chloride. It is, 
therefore, to be expected that the variation will bo of the same 
nature, and this we find to be tho case. 


Table IX. 




Hate 


f. 

Rule. 

1'X 66-11-3 X6l-G‘ 

Difference 



(Dec. point# omitted.) 


20 

0*00876 

704 

93 

1*6 

71 

19 

0 00725 

671 

18 

0 00586 

676 

17 

0*0o480 

604 

16 

0 ’00874 

423 

81 

62 

48 

47 

38 

42 

34 

15 

0 -00306 

371 

14 

0*00246 

323 

13 

0*00191 

276 

12 

0*00149 

238 

11 

0*00110 

196 

10 

0 00081 

1 

162 


. By inspection it will thus he seen that the third column is not an 
arithmetical progression. If, however, wo treat the senes in the 
other way, we find the second differences of the rate to be approxi¬ 
mately constant. Then substituting for the first differences tho 
nearest exact arithmetical progression and recalculating the rates, 
we get a series in which the calculated and observed numbers agree 
fairly well between t> = 16 and v =» 10, just as in tbo corresponding 
chloric acid series given in Table IV (6). 
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Table IX/,. 


Amount of hydrogen 
olrioride. 
r. 

Bate observed. 

Rate calculated. 

20 

0 00876 

o-oom 

10 

0-00725 

0-00630 

la 

0-00685 

0*00537 

17 

0-00180 

0 00452 

1* 

0*00874. 

0 00375 

ia 

000805 

0 00306 

14 

0*00246 

0 00245 

13 

0-00191 

* 0*00192 

12 

0-00149 

0 00147 

11 

OOOllO 

0*00110 

10 

0 00081 

0 00081 


The next table contains the results obtained in a series when u = 4 
and v varied as before, the calculated rates are obtained in a way 
similar to the last, as the second differences were again approximately 
constant:— 


Table X. 


e. 

R ate observed. 

Rate calculated. 

20 

0 01213 

0 01161 

19 

0 00989 

0*00977 

18 

0 00811 

0 00819 

17 

0*00077 

0*00677 

16 

0-00549 

0 00561 

16 

0*00489 

0 00441 

14 

0 00841 

0 00347 

18 

000266 

0-00269 

12 

0 00207 

0-00207 

11 

0*00161 

0 00161 

10 

0*00117 

0-00181 


The numbers here again coincide fairly well except for the highest 
values of e, and this is consistent with the theory that the decom* 
position of chloric acid by itself is checked when the quantity of 
hydrochloric acid is large, for here we have a larger quantity of 
chloric acid produced than wo had before, and a larger amount of the 
hydrochloric acid is required before the decomposition of the chloric 
acid alone is checked by the latter. 
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We hare obtained a series in which the amount of potassium chlo¬ 
rate employed was as high as six units. Here, as with the case of 
the corresponding quantity of ohlorio acid, no approach to an inter¬ 
pretation could be attained. 

All these things show that the effect of varying hydrochloric acid 
with chloric acid or with potassium chlorate is the same, though of 
what exact nature that effect is, we have not yot fully determined. 
No doubt the rate obtained for the decomposition of chloric acid 
alone is too slow to account satisfactorily for tho numbers not follow¬ 
ing a law similar to that for variation in chloric acid first established. 

Series of experiments were made in which the amount of potassium 
chlorate used was alone varied, the hydrochloric acid being constant 
as regards the amount added each time. It will bo seen, however, 
from the potassium chloride results that we were not varying the 
potassium Chlorate only in this case, but really were varying both 
this salt and the acid. For after saline decomposition— 

HC10 S per cent. = u x 51*5. 

HCl = dx 65*11 -ax 51*5. 

The variation of rates in these series, therefore, mnst follow a very 
complicated law. We havo, however, drawn a series of curves, re¬ 
presenting the variation of rate in this port of the investigation (p. 416). 

1 The curves are thus drawn:— 

A series of equidistant base lines (marked by broken lines) are 
taken, one base line corresponding to each quantity of hydrogen 
chloride used, and therefore marked at the extremity with a number 
representing that quantity. 

. Along these base lines are marked off lengths corresponding to the 
quantities of potassium chlorate taken, and then lengths representing 
t^e rates are measured perpendicular to these. The distance between 
tjro blue lines represents— 

>00018 (6H01+6KI+KC10 S = 7KC1+3HjO+3Is) in millionth, 

grams. 

; The lower curves cross the base lines above them, but this does not 
interfere with their comparison with the others. 

( Tt is worth, observing^ however, that in nearly all the caseB trigd, 
"Hu decreased instead of increasing with t*, after tt» 4 or after s* 5 ; 
owing of course to tbefaob that the amount of hydrochloric* add. is 
decreasing as u increases. In fact it may be inferred that dR/du has 
a root between 4 and 6. 

We now turn our attention to tho behaviour of another constituent 
of our mixture, vis., potassium iodide. We spoke of the part it 
played in our experiments in the introduction to our paper, but now 

2 s 2 
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Fig. 2. 


Correa representing the effect on the rate of variation of KClOj, Eaob curve 
represents a certain quantity of HCl present. 
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we come to consider more particularly its action and the effect of its 
variation on the rate of decomposition. 

Variations in Potassium Iodide . 

It has been already pointed out that it is essential to the uniformity 
of the rate of change that there should be potassium iodide present, 
for in our preliminary experiments we showed that the reaction was 
stopped if the oxdising material was allowed to accumulate in the 
liquid instead of being removed by its reaction, with potassium iodide. 
At the same time there is no evidence to prove that potassium iodide 
takes part in the primary reaction. If wo examine a few cases in 
which the amount of iodide was varied we shall soon see what sort 
of influence it exercises. The quantity used in all onr experiments 
was as a rule 076 millionth-gram-molecule per o.o., a very small 
quantity in proportion to the other ingredients. 

In the following table, in the initial experiment the amount used 
was very much smaller, 0*00946 m.g.m., and similar quantities were 
added one by one and their effect upon the rate ascertained. 


Table XL 



f. 

B. 

HCl - 15 x 65*11. 

1 

0 00500 

KCIO, - 0 x 61*5. 

2 

O *00616 

El ** ar x 0*00946. 

3 

0 00686 


4 

0*00584 


5 

0*00640 


6 

0*00588 


7 

0*00539 


N 

• 0*00543 


9 

0*0053$ 


10 

0*00538 


11 

0*00540 


12 

0*00544 


The rate in the same mixture in the ordinary experiments when the 
usual quantity (0*76 m.g.m.) of potassium iodide was introduced was 
0-00654. 

It thus appears that when the quantity of the substanoe present 
initially is very small, doubling the amount produces a marked in¬ 
crease of the rate, but after a certain amount has been added, further 
small quantities produce no marked result. Such a series then does not 
correspond to the ordinary form of variation with quantity of neutral 
salt, but one would be led to infer that if we call 0*0054 the normal 
rate wo shall only get this rate when the amount of iodide present is 

2 ■ 3 
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great- enough, a retardation following any diminution of the iodide 
beyond thin minimum necessary, and oar experiment*! fully bear this 
out. The reason probably is that there is a tendency for moleoules 
of oxidising material to begin to accumulate in the liquid if they do 
not immediately find molecules of |H>tassium iodide to react with. 
In other words, whereas we are accustomed to consider the second 
reaction between chlorine or oxides of chlorine and potassium 
iodide, to be instantaneous, this is true only when the amount of 
potassium iodide present is beyond a certain minimum. In the 
mixture above the minimum is between 0*03784 m.g.m. and 
0 0473 m.g.m. per c.c, and after that the rate of decomposition 
remains practically stationary until the amount present is 0*11352 
m.g.m. per c.c. 

The following table shows the effect of variation of iodide by larger 
quantities st a time, beginning with about, half the usual quantity 
0*76 m.g.m. per c.c 


.Table XII. 


HC1 - 11 x 06*11. 
IvClOj «= C * 61-5. 
KX - z x 0 807. 


1 

i 

0 00378 

2 

0 *00389 

3 

0*00392 

4 

0-00891 

6 

0 00893 

G 

0 -00401 j 

i 7 

0 00403 ! 

8 

0-00409 ; 

1 9 

0 00107 i 

i io 

0-00409 ! 

i ii 

0-H0418 1 


There is a slight increase at tho beginning of the series-wheu'llie 
quantity of iodide is donbled; after this the rate remains practically 
stationary for several increments. There is, however, a marked in¬ 
crease bet ween Sand = 11, but not so rapid as at'the beginning 
of tho series. The reason for the indistinctness of form is evidently 
the fact tliat the effect of variation of the iodide is within the limits of 
experimental error. It was, therefore, deemed advisable to vary the 
iodide by larger quantities. t In tbo following series single grams t>f 
the substance were introduced into the cylinder,' one afte't the Other, 
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Table Xm. 



c. 

R. 

R calculated aa arithmetical 
progression. 

HC1- 15x6611. 

1 

0 00661 

0‘OOCBl 

KCIO, ~6x5l'6. 

2 

0*00736 

0-00725 

K1 =■ * x 7*6, 

3 

0*00786 

0-00789 


4 

0*00871 

0-00852 


5 

0 00982 

0 00917 


6 

0-00980 

0-00981 


7 

0 01043 

0 01045 


Here we have a series in which the rate increases distinctly with 
the amount of iodide, and it is not far from an arithmetical pro¬ 
gression, certainly within the limits of experimental error. The 
establishment of this relation would of course show that the varia¬ 
tion of potassium iodide has the same sort of influence as any neutral 
salt, and one would therefore class it with potassium chloride in this 
investigation. On the other hand, it seems ovident that the cases are 
not exactly parallel; double decomposition between this salt and 
hydrogen chloride must go on, with a production of potassium 
chloride and hydrogen iodide. The hydrogen chloride present is 
decreased by a quantity equivalent to tho amount of potassium chlo¬ 
ride produced, and tho hydrogon iodido produced will have its 
specific influence different from that of the former acid. At any rate 
one cannot be surprised at not finding the progression quite as well 
marked hero as for potassium ohlorido. 

We will now turn to the results obtained by varying tho tempera¬ 
ture at which we made observations. This was done in the manner 
described in the introduction. 

Variation in Temperature . 

The temperature at which most of our experiments were conducted 
was 20° C. We found any variation in temperature had a marked 
effoct on the rate. A riso of temperature of 5° practically doubled 
the rate of decomposition, and a fall in temperature of 5° halved the 
rate at any point. In general if the temjwrature was varied in 
arithmetical progression the rate varied in goomotrioal progression. 
The following tables illustrate this fact:— 
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Table XIY. 



t . 

R. 

Rat io. 

I KClOj » 6 x 51 5. 

15° 

0 *00216 

1*98 

1*06 

1*96 

HC 1 - 14x65-11. 

20 

0-00427 


25 

0-00838 


80 

0*01641 

II. KC10 S - e X 51*5. 

4 

0*00136 

1*57 

1*65 

1*64 

IIC1 - 19 X 65*11. 

7 

0*00213 


10 

0*00330 


1 13 

0*00509 

III. KC10 3 * 6 x 51*5. 

20 

0*00143 

1 *140 
1*134 
1*145 

11 Cl * 10 x 65*11. 

1 21 

0*00164 


i 22 

0*00186 


23 

0*00213 


We see from tho above tables tliat the ratios vary with tbo differ- 
enoes between tho successive temperatures. They are, however, quite 
independent of the quantity of each substance present. This is clearly 
shown in the following table, in which the rates obtained with varied 
quantities of potassium chlorate at 25° and 30° are compared. It 
will bo seen that tho ratio is constant. A similar result was obtained 
with varied quantities of potassium iodide, the ratios in this case also 
being independent of the amount. 


Table XV. 



«. 

Rate at 25°. 

Rato at 30°. 

Ratio. 

HCl - 10 x 6611. 

3 

0 -00162 

0*00810 

1-974 

ICCIO 3 « u x 51*5. 

4 

0*00200 

0*00404 

mmtm. 


5 

0 *00265 

0*00502 



6 

0*00301 

0*00684 

1*942 


7 

0*00334 

0*00650 

1*957 


It will be seen that the rate almost doubles itself for the rise 
of 5° between 25° and 30° in the above instances. 

A great number of experiments were made in which the tempera¬ 
ture was varied by successive differences of 3°, or 2°, or 1°; but the 
numbers observed could not be considered quite satisfactory owing to 
the intrusion of experimental errors, so it was generally found advis¬ 
able to increase the temperature 5° at a time, thuB making a marked 
difference in the rato. We deduce from this result the average value 
of the coefficient or ratio for the variation in temperature of 1*. 
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The formula embodying these results takes the same form as that 
in Messrs. Harcourt and Esson's reaction, in which it may be remem¬ 
bered the rate of decomposition doubled itself for a difference of 10° 
in temperature, whilst in our reaction it is doubled for every 5°. 

The formula is thus expressed :— 


R/ = 


where t is temperature, R 0 rate at 0°, R* is rate at t°, k is a constant. 
The rough approximation that the rate doubles itself for 5° would 
give At =ss 0 * 3010/5 = 0 * 0602 . The value of k is determined from experi¬ 
ment os— 

lo g log R/- r 


and the mean of a large number of experiments gives it as about 
0-0885. 

h is, however, not absolutely constant, but is found to vary Blightly 
with tho temperature (£) for which it is determined. It is larger for 
a low temperature range of 6°, and smaller for a difference of 5° at a 
higher temperature. In fact, speaking roughly, between 0° and 18° 
the rate is a little more than doublod by a rise of 5° ; between 20° 
and 35° it is a little less than doublod. Tho following table will show 
the amount of variation from this ratio:— 


Table XVI.—Values of h between— 


CP and 6°. 

6 ” and 10°. 

10 ° and 16°. 

16° and 20 '. 

00643 

£0-0599] 

0-0610 

0-0588 

0*0668 


00609 

00605 

00595 

20° and 25°. 

26° and 30°. 

30° and 36°. 

36° and 40°. 

0-0584 

0-0584 

00537 

0-0508 

00576 

00580 

00580 

00586 

00590 

[0-05661 

0 0592 
00583 

0-0547 



h is thus seen to vary slightly with the temperatures between which 
it is determined. The same secondary variation was noticed by 
Messrs. Harcourt and Esson in their reaction. On comparing column 4 
with column 8 it will be seen that their mean value is almost the 
same. At present it is difficult to extiioate the secondary variation 
from experimental error, especially as a greater range of temperature 



422 Mr. W. H. Pondlebury and Mias M. Seward. 

cannot be taken. At temperatures above 35° the starch-iodide colour 
is very difficult to perceive, as it loses its distinctive blue tinge and 
acquires a pnrplo colour. At temperatures below 0 n , though the 
starch colour is then a most beautiful blue, yet the change proceeds 
so slowly that it becomes difficult to hit, even within a few minutes, 
the point at which the blue colour has definitely appeared. Hence 
the range of temperature is somewhat limited. 

This brings our work to a conclusion. There arc several points 
which still need elucidation; their interpretation has seemed, so far, 
beyond our powers. We can only add a few facts to the pile now 
rapidly accumulating, out of which should grow a comprehensive 
theory of chemical dynamics. 

The facts established by the investigation may bo thus summa¬ 
rised :— 

Dilute solutions of hydrogen chlorate and hydrogen chloride when 
mixed together slowly liberate oxidising material, chlorine and 
oxides of chlorine. 

If no substance which can be oxidised is present, the accumula¬ 
tion of this oxidising material in the liquid soon stops the reaction. 

In the presence of an iodide from which iodine can be liberated, 
and afterwards disposed of by means of sodium thiosulphate, the re¬ 
action proceeds regularly and with a constant velocity—constant 
because the quantity of the substances decomposed bears an infinitely 
small relation to the quantity present. 

The actual rate varies with the quantity of hydrogen chlorate, in 
the first place directly as it is the substance decomposed, and in the 
second place with a small acceleration proportional to the quantity, 
the substance thus having a coefficient of acceleration independent of 
its being that undergoing decomposition. Thus 

B = aQ(l + &Q), 

where R is rate of decomposition, Q quantity. The variation with 
quantity of hydrogen chloride is not of so simple a nature. This acid 
would seem to have (1) an effect of the secondary order above men¬ 
tioned (accelerative) on the decomposition of hydrogen chlorate 
alone; and in addition to thiB (2) an effect of both primary and 
secondary order as above on the decomposition of hydrogen chlorate 
by hydrogen chloride. 

The addition of potassium chloride to the liquid has a small accele¬ 
rative effect on the rate proportional to its quantity. 

If a mixture of solution of potassium chlorate and hydrogen 
chloride is made (in molecular proportion between 1 : 2 and 1 : 12), 
complete double decomposition ensues. The hydrogen chlorate formed 
in presence of the remaining hydrogen chloride liberates oxidising 
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material as above, and tbe potassium chloride formed exercises its 
specific effect on this reaction. 

The small quantity of potassium iodide added for the oxidising 
material to work upon is not concerned in the primary reaction. The 
secondary action upon it producing iodine is practically instantaneous* 
unless its quantity is below a certain minimum. Below this there is 
a retardation of the velocity apparent. The effect of increasing the 
amount of this substance beyond the minimum is apparently analo¬ 
gous to that of a similar increase of any neutral salt. 

The velocity of decomposition is an exponential function of the 
temperature; as tho latter increases in arithmetical progression, the 
former increases in geometrical progression. The velocity 1 b about 
doubled for a rise of 5° C. in temperature. The ratio in the 
geometrical progression is not, however, absolutely constant, but 
varies a little with the actual temperature. Between 0° and 15° the 
velocity is a little more than doubled by a rise of 5°, between 20° and 
30° a little less than doubled. 
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List of Candidate** 


[Mar. 7, 


March 7, 1889. 

Professor G. G. STOKES, D.C.L., President, in the Chair* 

The Presents received were laid on the table, and thanks ordered 
for them. 

In pursuance of the Statutes, the names of tho Candidates for 
election into the Society were read from the Chair, as follows:— 


Aitken, John. 

Anderson, William, M.I.C.E. 

Armstrong, Robert Young, Lieut- 
Col., R.E. 

Ballard, Edward, M.D. 

Basset, Alfred Barnard, M.A. 

Bosanqnet, Robert Holford Mac- 
dowall, M.A. 

Brown, Horace T., F.C.S. 

Burbury, Samuel Hawkesloy, M.A. 

Buzzard, Thomas, M.D. 

Cameron, Sir Charles Alexander, 
M.D. 

Car mil ley, Professor Thomas, 
D.Sc. 
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Cunningham, Professor David 
Douglas, M.B. 
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Galloway, William. 

Gilchrist, Percy 0. 

Gordon, James Edward Henry, 
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Harcourt, Leveson Francis 
Vernon, M.A. 
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Sankfej, Matthew Henry P. R,, 
Capt., R.E. 

Saunders, Howard, F.L.S. 
Seebohm, Henry, F.L.S. 

Sharp, David, M.B. 

Shaw, William Napier, M.A. 
Smith, Willoughby. 

Sollas, Professor William John¬ 
son, D.Sc. 

Stebbing, Rov. Thomas Roscoe 
Rede, M.A. 

Stevenson, Thomas, M.D. 
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Sutton, J. Bland, F.R.C.S. 
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F.R.S.E. 

Tidy, Professor Charles Meyxnott, 
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The following Papers were read; 


I. <( 0n the Compoeition of Water.” By Lord Rayleigh, 
Sec. R.S. Received February 26, 1889. 

Daring the past year I have continued the work described in a 
former communication on the .relative densities of hydrogen and 
oxygen,* in the hope of being able to prepare lighter hydrogen than 
was then found possible. To this end various modifications have been 
made in the generating apparatus. Hydrogen has been prepared 
from potash in place of acid. In one set of experiments the gas was 
liberated by aluminium. In this case the generator consisted of a 
large closed tube sealed to the remainder of the apparatus; and the 
aluminium was attached to an iron armature so arranged that by 
means of an external electro-magnet it was possible to lower it into 
the potash, or to remove it therefrom. The liberated gas passed 
through tubes containing liquid potash,t corrosive sublimate, finely- 
powdered solid potash, and, lastly, a long length of phosphoric anhy¬ 
dride. But the result was disappointing; for the hydrogen proved 
to be no lighter than that formerly obtained from sulphuric acid. 

I have also tried to purify hydrogen yet further by absorption in 
palladium. In his recent important memoir,J “On the Combustion of 
weighed Quantities of Hydrogen and the Atomic Weight of Oxygen,” 

* 'Roy. Boo. Proa.,* February, 1888 (rol. 48, p. 356). 

t Of course this tube was superfluous in the present case, but it was more conve¬ 
nient to retain it, 

t ' Amer. Chem. Journ.,' vol. 10, No. 4. 


2 » 2 
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Mr. Reiser describes experiments from which, it appears that palladium 
will not occlude nitrogen—a very probable impurity in even the most 
carefully prepared gas. My palladium was placed in a tube sealed, as 
a lateral attachment, to the middle of that containing the phosphoric 
anhydride; so that the hydrogen was submitted iu a thorough manner 
to-this reagent both before and after absorption by the palladium* Any 
impurity that might be rejected by thu palladium was washed out 
of the tube by a current of hydrogen before the gas was collected for 
weighing. But as the result of even this treatment I have no improve¬ 
ment to report, the density of the gas being almost exactly as before. 

Hitherto the observations have related merely to the densities of 
hydrogen and oxygen, giving the ratio 15*884, as formerly explained. 
To infer the composition of water by weight, this number had to 
he combined with that found by Mr. Scott os representing the ratio 
of volumes. The result was 

. — 15-914. 

1 - 99(35 

The experiments now to be described are an nttempt at an entirely 
independent determination of the relative weights by actual combus¬ 
tion of weighed quantities of the two gases. It will be remembered 
that in Dumas's investigation the composition of water is inferred 
from the weights of the oxygen and of the water, the hydrogen being 
unweighed. In order to avoid the very unfavourable conditions of 
this method, recent workers have made it a point to weigh the 
hydrogen, whether in the gaseous state as in tho experiments of 
Professor Cooke and my own, or occluded in palladium as in Mr. 
Reiser's practice. So long as the hydrogen is weighed, it is not very 
material whether the second weighing relato to the wator or to the 
oxygen. The former is the case in the work of Cooko and Reiser, the 
latter in the preliminary experiments now to be reported. 

Nothing could be simpler in principle than the method adopted. 
Globes of the same Bize as those employed for the density determina¬ 
tions are filled to atmospheric pressure with the two gases, and are 
then carefully weighed. By means of Sprengel pumps tho gases are 
exhausted into a mixing chamber, sealed below with mercury, and 
thence by means of a third Sprengel are conducted into a eudio¬ 
meter, also scaled below with mercury, where they are fired by 
electric sjiarks in the usual way. After sufficient quantities of the 
gases have been withdrawn, the taps of the globes are turned, the 
leading tubes and mixing chamber are cleared of all remaining gas, 
and, after a final explosion in the eudiometer, the nature and amount 
of the residual gas are determined. The quantities taken from the 
globes can be found from tho weights before and after operations. 
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From the quantity of that gas which proved to be in excess, the cal¬ 
culated weight of the residue is subtracted. This gives the weight of 
the two gases which actually took part in the combustion. 

In practice, the operation is more difficult than might be supposed 
from the above description. The efficient capacity of the eudiometer 
being necessarily somewhat limited, the gases must be fed in through- 
out in very nearly tho equivalent proportions; otherwise there would 
soon be such an accumulation of residue that no further progress 
could be made. For this reason nothing could bo done until the 
intermediate mixing chamber was provided. In starting a com¬ 
bustion, this vessel, originally full of mercury, was charged with 
equivalent quantities of the two gases. The oxygen was first admitted 
until the level of the mercury had dropped to a certain mark, and 
subsequently the hydrogen down to a second mark, whoso position 
relatively to the first was determined by preliminary measurements 
of volume. The mixed gases might then be drawn oil into the 
eudiometer until exhausted, after which tho chamber might be re¬ 
charged as before. But a good deal of time may be saved by 
replenishing the chamber from the globos simultaneously with the 
exhaustion into tho eudiometer. In order to do this without losing 
the proper proportion, simple mercury manometers were provided for 
indicating the pressures of tho gases at any time remaining in tho 
globes. But evon with this assistance close attention was necessary 
to obviate an accumulation of residual gas in the eudiometer, such as 
would endanger the success of the experiment, or, at least, entail 
tedious delay. To obtain a reasonable control, two sparking places 
were provided, of which the uppor was situato nearly at the top of 
tho eudiometer. This was employed at the close, and whenever in 
the course of the combustion the residual gas chanced to be much 
reduced in quantity; but, as a rule, the explosions were made from 
the lower sparking point. The most convenient state of things was 
attained when the tube contained excess of oxygen down to a point 
somewhat below the lower sparking wires. Under these circum¬ 
stances, each bubble of explosive gas readily found its way to the 
sparks, and there was no tendency to a dangerous accumulation of 
mixed gas before an explosion took place. When the gas in excess 
was hydrogen, the manipulation was more difficult, on account of the 
greater density of the explosive gas retarding its travel to the 
necessary height. * 

In spite of all precautions several attempted determinations have 
•failed from various causes, such as fracture of tho eudiometer and 
others which it is not necessary here to particularise, leading to the 
loss of much labour. Five results only can at present be reported* 
and are as follows:— 
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December 24,1888. 15 93 

January 3, 1889. 1598 

» 21, „ 15*98 

February 2, „ .15 93 

„ 13, „ 15*92 


Mean. 15*95 


This number represents the atomic ratio of oxygen and hydrogen 
as deduced immediately from the weighings with allowance for the 
unbumt residue. It is subject to the correction for buoyancy 
rendered necessary by the shrinkage of the external volume of the 
globes when internally exhausted, as explained in my former commu¬ 
nication.* In these experiments, the globe which contained the 
hydrogen was the same (14) as that employed for the density deter¬ 
minations. The necessary correction is thus four parts in a thousand, 
reducing the final number for the atomic weight of oxygen to 

15*89, 

somewhat lower than that which I formerly obtained (15*91) by the 
use of Mr. Scott’s value of the volume ratio. It may be convenient 
to recall that the corresponding number obtained by Cooke and 
Richards (corrected for shrinkage) is 15*87, while that of Keiser is 
15*95. 

In the present incomplete state of the investigation, I do not wish 
to lay much stress upon the'above number, more especially as tbe 
agreement of the several results is not so good as it should be. 
The principal source of error, of a non-chemical character, is in the 
estimation of the weight of the hydrogen. Althongh this part of the 
work cannot be conducted under quite such favourable conditions aB 
in the case of a density determination, the error in the difference of 
tho two weighings should not exceed 0*0002 gram. The whole weight 
of the hydrogen used is about 0*1 gram ;f so that the error should 
not exceed three in the last figure of the final number. It is thus 
scarcely possible to explain the variations among the five numbers as 
due merely to errors of the weighings. 

• Tho necessity of this correction was recognised at an early stage, and, if I 
remember rightly, was one of the reasons which led me to think that a redetermine- 
tion of the deiAity of hydrogen was desirable. In the meantime, however, the 
question was disoussed by Agamennone (‘ Atfci (Bendioonti) d. B. Aooad. dei Linoei, 1 
1865), and some notice of his work reached me. When writing my paper last year 
I oould not recall the circumstances j but siooe the matter has attracted attention I 
have made inquiry, and take this opportunity of pointing out that tbe credit of first 
jfoblioation is due to Agamennone. 

f It was usual to take for oombustion from two-thirds to three-fourths of the 
contents of the globe. 









429 


1889 .] On the Composition of Water . 

The following are the details of the determination of February 2, 
chosen at random:— 


Before combustion- G 14 +H+0*2906 = G n _ pointer 20*05 

After „ ... G u + H+0*4006 = G u .... pointer 20*31 

Hydrogen taken = 0*1100—0*00005 = 0*10995 gram. 


Before combustion- Gi S +0 as G u + 2*237 ... pointer 20*00 

After ,.G ls +0 = G u +1*857 ... pointer 19*3 

Oxygen taken = 0*8800 +0*0001 = 0 8801 gram. 


At the close of operations the residue in tho eudiometer was oxygon, 
occupying 7 8 c.o. This was at a total prossuro of 29*6—16*2 = 13*4 
inches of mercury. Subtracting 0*4 inch for tho pressure of the 
water vapour, we get 13*0 as representing the oxygen pressure. The 
temperature was about 12° C. Thus, taking the weight of a cub. 
cent, of oxygen at 0 J 0. and under a pressure of 76*0 cm. of 
mercury to be 0*00143 gram, we get as the weight of the residual 
oxygen 


0*00143 


7*8 ] 3*0x2*54 

1 + 12x0*00367 76*0 


— 0*0046 gram. 


The weight of oxygen burnt was, therefore, 0*8801—0*0046 
« 0*8755 gram. 

Finally, for the ratio of atomic weights, 


Ox£gen_ = 16 . 926 
4 Hydrogen 

In several cases the residual gas was subjected to analysis. Tims 
after the determination of February 2, the volume was reduced by 
additions of hydrogen to 1*2 o.b. On introduction of potash there 
was shrinkage to about 0*9, and, on addition of pyrogallio acid, to 
0*1 or 0*2. These volumes of gas are here measured at a pressure of 
| atmosphere, and are, therefore, to be divided by 3 if we wish to 
estimate the quantities of gas under standard conditions. The final 
residue of (say) 0*05 c.c. should be nitrogen, and, even if originally 
mixed with the hydrogen—the most unfavourable case—would involve 
an error of only in the final result. The 0*1 c.c. of carbonic 
anhydride, if originally contained in the • hydrogen, would be more 
important; but this is very improbable. If originally mixed with the 
oxygen, or due to leakage through india-rubber into the combustion 
apparatus, it would lead to no appreciable error. 

The aggregate impurity of 0*15, here indicated, is tolerably satis¬ 
factory in comparison with the total quantity of gas dealt with— 
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2000 c.o* It is possible, however, that nitrogen might be oxidised, 
and thus not manifest itself under the above tests. In another experi¬ 
ment the water of combustion was examined for acidity, but without 
definite indications of nitric acid. The slight reddening observed 
appeared to be rather that due to carbonic acid, some of which, it 
must be remembered, would bo dissolved in the water. These and 
other matters demand farther attention. 

The somewhat complicated glass blowing required for the combus¬ 
tion apparatus has all been done at home by my assistant, Mr. 
Gordon, on whom has also fallen most of the rather tedious work 
connected with the evacuation of glqbes and other apparatus, and with 
the preparation of the gases. 


II. “ On the Wave-length of the Principal Line in the Spectrum 
of the Aurora.” By William Huggins, D.C.L., LL.D., 
F.R.S. Received February 19, 1889. 

Notwithstanding tho largo number of determinations by different 
observers, since Angstrom in 1867, of the wave-length of the prin¬ 
cipal (and frequently the only) line in the spectrum of the Aurora, 
this value has not yet boen accepted as definitely fixed with the 
degree of accuracy which is required for a final inquiry into its 
chemical origin. The uncertainty within rather wide limits, which 
seems still to obtain, hag arisen mainly from the circumstance that in 
nearly all oases the observations have been made with a small direct- 
vision Bpootroscope, and under conditions which do not admit of an 
accurate determination of the value sought for. About half the 
number of some twenty-four observers agree pretty well, but among 
the results given by the others the differences are very large in 
relation to the accuracy whioh is required, though they are not 
greater, perhaps, than was to be expected from the circumstances 
nnder which the observations were made. 

I think it is very desirable, therefore, that I should put on record 
some observations of the spectrum of the Aurora which I made in 
the year 1874, but which up to the present time have remained 
unpublished. These observations were made with a powerful spectro¬ 
scope, and under conditions which enabled me to determine the 
wave-length of the principal line within narrow limits of error. The 
spectroscope was made by Sir Howard Gmbb on the automatic 
principle of bis father, Mr. Thomas Grubb. It is furnished with two 
“ Grubb ” compound prisms; each has 5 square inches of base, and 
gives nearly twice the dispersion of a single prism of 60°, namely, 
about 9° 6' from A to H. 

The object-glasses of the collimator and telescope are 1*25 inch in 
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diameter. The definition is very good. Though the automatic 
arrangement works well, I always take the precaution to measure 
only small differences of position of the line to be determined from 
lines near it, the wavo-longths of which are known. 

The observations were made on February 4, 1874. There was A 
brilliant Aurora, showing a whitish light; a direct-vision spectro¬ 
scope resolved this light into a brilliant lino in the yellow and a 
faint continuous spectrum. 

The “ Grubb” spectroscope was directed from the window of the 
observatory upon the brightest part of the Aurora. In the first 
instance, an estimation by eye was made of the position of the bright 
line by comparing it in the instrument with the spectrum of a spirit 
lamp. The bright line was seen to fall on the more refrangible side 
of the line for which Watts gives the wave-length 5582,* Angstrom 
and Thalen 5583,t by from ono-tifth to one-fourth of the distance of 
this lino from the beginning of the band. If wo take onc-tourth, we 
have X 5569*6; one-fifth gives \5572'3. The mean of these values 
gives for the 

Aurora line X 5570 9. (1). 

The cross-wires of the spectroscope wore then brought upon the 
line, and the reading 3476 showed the line to full about midway 
between two strong lines in the spectrum of tin, X 5564 and X 5587 
respectively, according to my measures.J The position of the cross 
was then compared directly with those lines in the spectrum of an 
induction spark taken between electrodes of tin. The further details 
of this comparison are not given in my note-book, but the result 
only, which placed the 

Aurora line at X 5571 . (2). 

Consulting my map of the chemical elements, I found that there 
was a line of tellurium very near this place, namely, at X5575, I 
therefore brought the spark from tellurium before the slit, when the 
cross appeared on the more refrangible side of the tellurium line. 
The measure of the distance of the cross from this line came out 
equal to X oOOS. The place given in my paper for this line of tellurium 
is 5575. Thal£n gives for the SAme line 5574*l.§ If we take the 
mean of these values and deduct 0003, we get for 

The line of the Aurora X 5571*5 . (3), 

There are strong lines of iron very near this position in the 
* ‘ Phil. Mag.,' vol. 41,1871, p. 14. 

t w Spectres des M&alloYdes,” * Nor. Act. Soc. Soi. Upsal./ vol. 9,1875 (p. 89). 
j * ( Spectra of the Chemical Elements,” 1 Phil. Tram./ 1864, p. 189. 

§ ‘Brit. Amo. Hep.,’ 1886. p. 292. 
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• 

spectrum, and I made use of these also for a farther determination of 
th$ place of the Aurora line. The cross, after having been placed 
upon the line of the Aurora, was confronted with these lines in the 
spectrum of iron. 

The condensed account in my note-book does not give farther 
particulars of this comparison, but states only that the place of the 

Aurora line came out X 5571*5. (4). 

Summing np these determinations we have— 

(1) Eye-estimation ...... X 5570*9 

(2) From tin... 5571*0 

(3) From tellurium. 5571*5 

(4) From iron . 5571*5 

From these values I think that wo are justified in taking for the 
Aurora line, as a position very near the truth, 

X 5571 ±0*5 . (5). 

Among the numerous determinations of other observers, those of 
Professor H. C. Vogel in 1872* seem to me to have great weight. A 
direct-vision spectroscope with a set of five prisms was used. The 
reduction of the readings of the micrometer into wave-lengths was 
based upon the repeated measures of 100 lines of the solar spectrum. 

The screw had bceu thoroughly examined. After each observation 
of the Aurora line, readings were taken of the lines of sodium or of 
hydrogen. The observations extended over four nights. On three 
nights four separate readings were obtained; on the fourth night 
two only. Vogel gives as the mean result of the fourteen obser¬ 
vations, 

Aurora line X 55713 ± 0*92. (6). 

Perhaps I Bhould state that T find, from a remark in my noto-book, 
that at the time of my observations in 3874 I was nqfc aware of 
VogeVs results, and 1 could not, therefore, have been biassed in any 
way by them. 

The recent ol)servations on the spectrum of the Aurora by Gyllen- 
skiold, at Cap Thordsen, in 1882, deserve special mention.f With 
a Hoffmann speotroscope, furnished with a scale, he obtained at Cap 
Thordsen in 1882 a mean result of X 5568 ±1*6; later, in 1884, at 
E psala, with a Wrede spectroscope furnished with a micrometer 
screw, a mean value for the Aurora line, X 5569 ± 6*2.$ Gyllenakiold 

# * Leipzig Math. Pliys. Beriohtp/ vol. 22, p. 285. 

t ‘ Observations faites au Cap Thordsen, Spitxberg, par VExpedition Snddoise/ 
vol. 2, T:—Aurorei Bor&les, par Cnrlheim-GyUenskittld. Stockholm, 1886. 

t Ibid,, p. 166. 
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disc asses in detail nearly all the recorded observations of the spectrum 
of the Aurora from 1867 to 1882, and then brings them together in a 
table, with such probable errors as the original statements of the 
observers enabled him to assign to them. 1 think it is desirable to 
give that part of his list which coutains tho observations of the 
brightest lino:— 


1867. Angstrom ... 

... Upsal . 

...X5567 + 1-0 

1868. Struve . 

.. Poulkowa .. .. 

.... 5552 + 14*9 

Lemstrom ... 

.. Tromsco. 

. .. 5659 + 14-0 

1869. Peirce. 

.. fitats Uuh. . .. 

.... 5565 4* 10*8 

1870. Proctor . 


... 5595 + 25 0 

1871. Smyth . 

.. l&dimbourg .. . 

... 5579 ± 9-5 

Lindsay . 

.. Aberdoen .... 

... 5680 ± 50-0 

Barker . 

. e New Haven .. 

... 5594 + 1.3*0 

1872. Vogel . 

.. Kiel . 

... 5571 ± 0-9 

Penza . 

.. Moncalieri. .,. 

... 5568 ±11*9 

Ponati . 

.. Florence .... 

... 5569 ± 10-0 

Oettingen .... 

.. Porpat . 

... 5548 + 300 

Respighi . 

.. Rome. 

... 5574 + 10-0 

Wijkandcr ... 

.. Spiteberg .... 

... 5572 ± 1-0 

1873. Backhouse .. . 

.. Sunderland . . 

.. 5660 + 10 0 

Barker . 

., New Haven .. 

... 5569 + 13-9 

Lemstrom .... 

.. Enare . 

... 5569 + 0-5 

1874. Backhouse ... 

.. Sunderland .. 

... 5570 +100 

Maclear . 

.. “ Challenger ” 

... 5522 + 371 

1879. Nordenskiold . 

.. Pitlekaie . 

... 5563 + 100 

1880. Copeland . 

.. Punccht . 

... 5572 + 2-0 

1882. Gyllenskiold . 

.. Cap Thordsen 

... 5508 + 1-6 

1884. 

.. Upsal . 

... 5569 ± 6-2 


Gyllenskiold then calculates by the method of least squares the 
mean yalue of all the determinations, and finds the following 
result:—* 

Mean value of the 23 observations, X 5570*0 Hh 0*88.(7). 

The recent measures by C. 0. Krafft,t doparfc largely from 
Gyllenskiold's mean value. Krafft found on 


1882, November 2 .X 5595 

„ 11 . 5586 


and measures with the same instrument made by Schroeter on 
November 17th, gave X5587. 

* Ibid., p. 109 

t 1 Beobachtungs-Ergebnifse dor Norwoguohen Polarststion,' &c. A 8. Steen. 
Christiania, 1888. 
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Now, though Angstrdm's original value X 5567 may not be quite 
accurate, his observation fixed a limit towards the red beyond which 
the Aurora line cannot lie. Angstrom says, “sa lnmi&re 6tait 
presque monochromatiqne, et consistait d'nne seule raie brill&nte 
situee & gauche” (on the more refrangible side) “ du gronpe comm 
des raies du calcium.”* The position of the moet refrangible line of 
this calcium-group is accurately known; according tof 

Kirchhoff. X 55809 

Thal5n. 5580*9 

Huggins . 5581*0 

It is certain, therefore, from Angstrom’s first observation in 1867 
alone, that the Aurora line lies well on the more refrangible side 
of wave-length 5580. This limit towards the red was confirmed 
afterwards by Angstrom himself; bo Bays later that the yellow line 
falls almost midway between tho second and third line of the shaded 
carbon group.{ The positions of those linos of comparison 01 * 0 , 
according to Angstrom and Thal&i, X 5538 and A 5583.§ 

It follows that Krafft’s values, X 5586, X 5587, and X 5595, must be 
from some cause inaccurate. A possible explanation may bo found 
in the small number of solar lines employed by Krafft for the reduc¬ 
tion of the measures into wave-lengths. The curve was drawn through 
the six Fraunhofer lines B, C, a, D, E, and b . There was no control 
for the curve between D and E, and a very small deviation of the 
curve from its true position here would be sufficient to account for 
the position of less ref rung ibility of from X 0016 to X 0024, which his 
measures give for the Aurora line. 

It should be stated that Krai!t expresses regret that more attention 
could not be given to the spectroscopic observations. He says:— 
“ Leider gestatteten die obligatorischen Beobachtungen nicht, den 
spectroBcopischen Untorsuchungen die gehttrige Aufmerksamkeit 

angedeihen zu lassen.Ioh glaubte ausserdom* dies© 

Messungen urn so mehr auslassen zu konnen, als der Platz der ge- 
wohnlichen Nordlichtlinie oft und sehr gonau bestimmt iat.” 

To sum up, we have the following values for tho principal line of 
the Aurora:— 


(6) 1872, Vogel.X 5571*3 ±0*92 

(5) 1874, Huggins. 5571*0 ± 0*5 

(7) Gylleuskiold's mean of 23 observers 

from 1867 to 1884 . 5570*0 ± 0*88 


* 1 Spectre SoUire/ Upul, 1868, p. 42. 
t 1 Brit. Amoo. Rep./ 1884, p. 8J2. 

X 'Nature/ vol. 10, p. 211. 

$ 'Acta Upeal./ vol. 9,1876 (p, 29). 
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These values agree closely, and fix within very narrow limits, the 
position in the spectrum, where we have to seek the chemical origin 
of tbo line. 

Gyllenskiold, from his observations of the changes which oocnr in 
the spectrum of tho Aurora, comes to tho conclusion that: “ lo spectre 
do l’Anroro bor£ale resulte de la superposition de plusieurs spectres 
diff£rents,” and that “ la raio principale forme un de cos spectres 
piemen taires; elle apparait trda sou vent seule.” A similar view 
was taken many years ago by Angstrom* and by Vogel.f 

[After consideration, I think that I ought to point out that Mr. 
Lookyer’s recent statement} that:—“Tho characteristic line of the 
aurora is the remnant of tho brightest manganese fluting at 558,” is 
clearly inadmissible, considering tho evidence we have of the position 
of this line. 

In support of this statement Mr, Lockyer says :—“ AngstrOm gave 
the wave-length of the line as 5567, and since then many observers 
have given tho samo wave-length for it, but probably without making 
independent determinations. Piazzi Smytb, however, gives it as 558, 
which agrees exactly with the bright edge of the manganese fluting. 
R. H. Proctor also gives the line as a little less refrangible than 
Angstrom's determination. Ho says:— 4 My own moasnres give 
me a wave-length very slightly greater than those of Winlock and 
Angstrom * (‘Nature/ vol. 8, p. 468).” 

By reference to Gyllenskiold’s table it will be seen that the probable 
errors of the determinations by Piazzi Smyth and Proctor, 5579 + 9’5 
and 5*595 + 25 0 respectively ,§ are too large to entitle these measures 
to special weight. 

Mr. Lockyer says further:—“Gyltenskiold’s measures with tho 
Wredo spectroscope also give 5580 as the wave-length of the charac¬ 
teristic line. I feel justified, therefore, in disregarding tho difference 
between the wave-length of the edge of tho manganese fluting and 
the generally aooepted wave-length of the aurora line.” 

Gyllenskiold’s singlo measure of 5580, on which Mr. Lockyer relics, 
differs widely from the values which Gyllenskiold himself assigns 
to this line, namely, from observations at Cape Thordson in 1882, 
X 5568 + 1*6, and from observations at Upsala in 1884, with the 
Wrede spectroscope, X 5569 ± 6*2. 

Speaking of Krafft’s observations, Mr. Lookyer says :||—“ The wave- 

* 1 Nature,’ voL 10, p. 210. 

t * Leipzig, Math. Phy*. Beriohto,* vol. 23, p. 298, 

t ‘Roy. Boo. Proc.,* vol. 45 (1889), p. 234. 

$ OyUenvWld’z ztatement of Proctor’s value U based <m ‘Nature,* vol 3, p. 347 
and p. 68. 

|| * Roy. Boo. Proo.,’ vol. 45 (1889), p. 241. 
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lengths obtained for the aurora line were 5595, 5586, and 5587. 
Unlike most observations, these place the aurora line on the less 
refrangible side of the manganese dating. Hence, we have an addi¬ 
tions! reason for neglecting the difference between the wave-length 
of the brightest edge of the manganese fluting, and the commonly 
accepted wave-length of the aurora line, as given by Angstrom. 
. . . . These observations are the latest which have been pub¬ 

lished, and were obviously made with a full knowledge of all previous 
work, so that their importance must be strongly insisted upon” 

I have already pointed out that Krafft’s measures were not made 
under circumstances which assured to them a high degree of accuracy; 
and Krafft's own words, which I have quoted, disclaim expressly any 
special attempt on his part to redetermine the position of the principal 
line with a higher degree of accuracy than the observers who preceded 
him.—March 4.] 


III. “ On tho Cranial Nerves of Elasmobrancli Fishes. Prelimi¬ 
nary Communication.” By J. C. Ewart, M.D., Regius 
Professor of Natural History, University of Edinburgh. 
Communicated by Professor B. Sanderson, F.R.S. Re¬ 
ceived February 22, 1889. 

[Publication deferred.] 
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XIV. 4to. St-Pitersbourg 1888; Supplement I. aux Observa¬ 
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March 14, 1889. 

Professor 6. G. STOKES, D.C.L., President, in the Chair, 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 


I. u On the Organisation of the Fossil Plants of the Coal- 
measures; Part XVI.” By W. C. Williamson, LL.D., 
F.R.S., Professor of Botany in the Owens College, Man¬ 
chester. Received March 5, 1889. 

(Abstract.) 

In this memoir the author first calls attention to detached observa¬ 
tions made in his earlier memoirs relating to the manner in which a 
medullary axis is developed in tho interior of each of the primary 
vascnlar bandies of the Carboniferous Lycopodiam. lie then traces 
the changes undergone during the development of a small branch- 
bundle in Lepidodcndron Ilarcourtii. This is followed by a descrip¬ 
tion of a small new species of Lepidodendron, which he named 
L. muvdum , and* in which tho peculiar development of the medulla is 
clearly demonstrated. 

In a second new spocies, named Lepidodendron intengfiedium , a 
peculiar and apparently early form of exogenous zone is shown to 
exist. When describing, in his previous memoir, Part XI (see Plate 
49, fig. 11). the stem now designated Lepidodendron fuliginomm^ he 
showed that, in it, we have an example of tho most rudimentary and 
least perfectly developed form of an exogenous zylem yet seen 
amongst these Carboniferous Cryptogams. In this example, but a few 
radiating laminae of vascnlar tisanes make their appearance in the 
innermost cortex. In the L. int&rmedivm y now described, though these 
few lamine are represented by a continuous cylindrical zone of 
tracheids, and though the lamine are arranged in radial order, they 
are still imbedded in a mass of cellnlar tissue, much in excess of what 
constitutes the medullary rays in the higher types of Lepidodendrotd 
organisation. 

A fourth new species of Lepidodendron is described under the name 
L. Spenceri , in young states of which no mednlla is visible; but in 
its place a number of vertically elongated cells and imperfectly 
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lignified acalariform tracheids are seen, enclosed within an outer 
aeries of perfectly lignified ones. Here we have obviously an example 
of the centripetal development of a vascular bundle, reminding ub of 
what is the normal mode of growth amongst the bandies of all recent 
Lycopods. 

A fifth now species, Lepidodendron parvulum , is also described; 
after which the author points out the differences between the mode 
of development of the cellular medulla of these exogenous Cryptogams, 
and that of the representative organ amongst the Dicotyledonous 
Exogens. Amongst the ordinary Exogons the growing tip of a stem 
or branch is a mere aggregation of cells, which mass is soon sepa¬ 
rated into two zones, in addition to the formation of the epiderm, by 
the development within it of a ring of vascular bundles. The cells 
enclosed within this ring become the medulla or pith, and those 
external to it constitute the cortex. In this instance the colls about 
to form the medulla exist, prior to their becoming defined as a medulla 
by the first development of the vessels which enclose it, and which 
vessels will ultimately grow into a woody, or *ylorn, .zone. Such a 
pith subsequently undergoes but a very limited enlargement. In most 
cases a time arrives when it grows less with age, and ultimately 
almost disappears; but in the Lepidodendra, though the tip of each 
growing stem was, in the first iustanco, also a cellular moss, what ia 
designated an axial solid handle of vessels was developed in the centre 
of the new growth almost at its veiy commencement. But it was 
only after this growth had made some pi-ogress, and the twig had 
become clothed externally with numerous leaves, that the first traces 
of a medulla began to appear in the centre of the bundle. It is thus 
clear that the medulla of these Carboniferous Lycopods is not geneti* 
cally homologous with that of an ordinaty exogenous flowering plant. 
But the stage of growth of the stem at which this medulla first 
appeared has differed remarkably in various species of Lepidodendron, 
a remark equally applicable to the first formation in them of a true 
exogenous zone. 

The axial vaaonlar medullary bundle expanded into a hollow 
cylinder under the internal pressure of the growing medulla, 
which latter not only attained to considerable dimensions, but was 
a persistent organ. This ring enclosing the modulla, supplied 
the vascalar bundles going to leaves and branches. The author 
demonstrates that the branches are supplied with such bundles in two 
ways. When the growing stem divides dicfaotomously, which it does 
as amongst living Lycopods, the medullary vascalar cylinder splits 
'into two equal halves. But, besides this mode, the author shows that 
’Very frequently comparatively small segments are cut completely out 
Of the vascular cylinder, in which a gap is thus left where the berk 
and the medulla meet. The angular segment thus detached develops, 
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as it ascends through the bark, into a solid cylindrical bundle, in 
which, in time, a medulla forms as before. The author is inclined to 
believe that all these latter forms of bundles only supply short abortive 
lateral branches, which most probably supported Lepidostrobous 
fruits. 


II. “A Method of examining Rato of Chemical Change iu 
Aqueous Solutions.” By G. GORE, F.R.S. Received 
January 11, 1889. 

(Abstract.) 

This research supplies an outline of a method of examining chemical 
change, based upon the application of tho “voltaic balance” to 
measuring the relative amounts of voltaic energy of electrolytes (see 
• Roy. Soo. Proo.,’ vol. 44, pp. 151, 294), and the rate of chemical 
change is indicated by alterations in amount of such energy. 

The author gives an example of two liquids, vis., a solution of 
equivalent proportions of potassic iodide and chlorine, and one of 
ohlorido of potassium and iodine, which, although having the same 
ultimate chemical composition, are greatly different (viz., as 1*0 to 
31*?6) in voltaic energy, and in a moderate degree different in colour. 
The latter of these is a nearly stable liquid, and does not readily alter 
in chemical composition at 13° C., whilst the former is extremely un¬ 
stable, continually losing voltaic energy, and becoming darker in 
colour at that temperature, until it nearly acquires the chemical com¬ 
position aud properties of the other mixture. 

From the results obtained it is concluded—1st, that the aqueous 
solution of equivalent proportions of potassic iodide and chlorine de¬ 
composes spontaneously at 12° C., with gradual formation of potassic 
chloride aud liberation of iodine; 2nd, that the change of chemical 
composition is attended by considerable loss of voltaic energy; 
3rd, that more than six days are necessary to effect the complete 
chemical change at that temperature; and, 4th, that the rate of 
chemical change is much greater at the commencement of the action 
than towards its termination. Further, that the solution of potassic 
chloride and iodine inoreitses slightly in energy during the mixing. 

The influence of dilution, time, temperature, light, agitation, and 
mode of mixing upon the chemical change was examined. It was 
found that the degree of dilution of the constituent liquids of tho 
potassic iodide and chlorine solution during the act of mixing largely 
affected the amount of chemical change which occurred during mix¬ 
ture, but with the solution of potassic chloride and iodine the strength 
of the liquids had no such effect. The effect of dilation appears to be 
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related to the degree of mobility and diffusibility of the particles, and 
is largely modified by the degree of stability of the mixture. 

Temperature had great effect upon the solution of potassic iodide 
and chlorine. Heating the liquid to about 100° 0. daring two minutes 
was attended by great loss of voltaic energy, considerable increase of 
colour, and about 99*8 per cent, of the mixture was changed into 
potassic chloride and free iodine; the amount of change was as great 
as that which look pluce during 18 days at 12° C. Similarly heating 
the solution of potassic chloride and iodine had but little effort; it, 
however, slightly increased its voltaic energy and decreased its colour, 
and so far changed it iuto the other mixture (H). 

Exposing the solution of potassic iodide and chlorine to diffused 
daylight during 18 dull winter days at about 12° C. did not appear to 
greatly alter the rate of chemical change, as shown by alterations of 
colour and of voltaic energy. Light somewhat retarded the action. 

Strong agitation during one minute of tho freshly made solution 
appeared to slightly increase the amount of chemical change which 
occurred during mixture. 

In making this solution the amount of chemical change which took 
place during mixing was about 5 per cent, more if the chlorine solu¬ 
tion was added to the solution of iodide than if the ordor of addition 
was reversed. 

The results of the experiments show that the solution of potassic 
iodide and chlorine was very unstable, highly sensitive to rise of tem¬ 
perature, had a great tendency to lose its voltaic energy, to change its 
chemical composition, and approach that of the other mixture; that 
the solution of the latter was very much more stable, and tnnch less 
sensitive to heat, but had a feeble tendency to absorb energy, to 
change its chemical composition, and approach that of the solution of 
potassic iodide and chlorine. The effect, therefore, of heating both 
liquids was to produce two portions possessing similar chemical com¬ 
position and properties, but much more nearly resembling the chloride 
than the iodide mixture, and consisting of about 0*23 part of potassic 
iodide, 74*49 of potassic chloride, 126*8 of iodine, and 0*0197 of 
chlorine. 

The collective results show that the w voltaic balauce ” method may 
be used to detect changes of chemical composition of aqueous solu% 
fcions, and to measure the rate of such change going on in them. 
Although the method as described does not give the amount of change 
which occurs during the mixing of the liquids, it gives the subsequent 
amounts of change with a reasonable degree of accuracy. Its great 
advantage over the oolorimetric method is that it is oqually applicable 
to colourless liquids; it is much more sensitive and exact than either 
the colorimetric or the thermochemical method; and it is quick and 
easy of performance. It is at present being used to detect and measure 
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chemical changes produoed by light in aqueous solutions. The degree 
of freedom of an aqneous solution of chlorine from hydrochloric acid 
and of iodine from hydriodio acid was determined muoh more readily 
by means of the “ voltaic balance ” method than by ordinary chemical 
analysis. 


III. “ Rolative Amounts of Voltaic Energy of dissolved Chemical 
Compounds.” By G. Gore, F.R.S. Received January 16, 
1869. 

(Abstract.) 

In this investigation the author has measured, by means of ibo 
"voltaic balance,” the amounts of relativo voltaic energy or of 
chemical affinity for zinc, of nearly 250 aqueous sedations of dissolved 
chemical compounds, at ordinary atmospherio temperatures. The sub¬ 
stances include compounds of elements with dements; elements with 
monobasic, bibasic, and tribasic acids; acids of all these classes with 
each other; eloments with monobasic, bibasic, tribasic, and tetrabasic 
salts; monobasic, bibasic, and tribasic acids with alT these classes of 
salts; and all these classes of Balts with each other in great variety. 
The method employed has been already described (soe ‘Roy. Soc. 
Proc.,’ vol. 44, pp. 181,294), and he offers the results thus obtained 
as additional evidence in support of the conclusion, that “ every elec¬ 
trolytic substance or mixture when dissolved in water mites chemically 
in definite proportions by weight with every other such dissolved body , 
provided no separation of substance occurs;” and that *' there may 
probably be discovered thousands of such compounds, which only 
exist whilst in aqueons solution, and are decomposed on evaporating 
or crystallising tbeir solutions. 1 * The present research has shown the 
existence of nearly 250. 

The formulas of the compounds, together with the amounts of 
energy, are arranged in the form of a table as a volta tension serieB of 
electrolytes, commencing with I+Cl, which gives a pins number of 
+11,686,507, and ending with 2(H g N+KH0)+(K,C0,+Na»S0 8 ), 
which gives a minus one of— 959,817. The whole of the formulas 
agree with the ordinary chemical equivalents of the substances. 
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IV. w Note on tho Free Vibrations of an infinitely long Cylin¬ 
drical Shell.” By Lord Rayleigh, Sec. R.S. Received 
Febraaiy 26, 1889. 

In a recent memoir* Mr. Love has considered this question among 
others; but he has not discussed his result [equation (95)], except in 
its application to a rather special case involving tho existence of a 
free edge. When the cylinder is regarded os infinitely long, the pro¬ 
blem is naturally of a simpler character; and I have thought that it 
might be worth while to express more fully the frequency equation, as 
applicable to all vibrations, independent of the thickness of the shell, 
which are periodic with respect both to the length and the circum¬ 
ference of the cylinder. 

In order to prevent misunderstanding, it may be well to premise 
that the vibrations, whose frequency is to be determined, do not 
include the gravest of which a thin shell is capable. If the middle 
surface be simply bent, the potential energy of deformation is of a 
higher order of magnitude than in the contrary case, and according 
to the present method of treatment tho frequency of vibration will 
appear to lie zero. It is known, however, that the only possible modes 
of bending of a cylindrical shell are such as arc not periodic along the 
length, or rather have the wave-length in this direction infinitely long.f 
When the middle surface is stretched, as well as bent, the potential 
energy of bending may be neglected, except in certain very special 
cases. 

Taking cylindrical co-ordinates (r, 0, z), and denoting the displace¬ 
ments parallel to z, 0, r by it, v f w respectively, wo have for the 
principal elongations and shear at any point (a* <p, *)$— 

du n> , X dv 1 du dv /i\, 

tfj — -5— » Ca — — +— ~yz , w — - -rr*r _ T" • * • • • v 1 ' * 

dz * a a (Up a d<p dz 

and the energy per unit of area is expressed by 

2»fc K + «r 2 ) 3 } .(2). 

where 2 h denotes the thickness of the shell, and wt, « are the elastic 
constants of Thomson And Tait's notation. 

* “On the small Free Vibrations and Deformation of a tliln Elastlo Shell,*' 
1 Phil. Trane.,’ A, vol. 179 (1888), p. 491. 

f M On the Bending and Vibration of thin Elastic Sheila, especially of Cylindrical 
Form,"' Roy. Boo, Proo./ *vpra, p, 106. 

t See a paper on the Infinitesimal Bending of Surfaces of Revolution (' London 
Math. Soc. Proc.,' vol. 18, p. 4, Nov. 1881), and those alroady cited. 
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The functions u t v, w are to be assumed proportional to the sines, or 
cosines, of fix and 80. Those may bo combined in various ways, bat 
a sufficient example is 

u as U cos s0 cos fix* v = V sin 80 sin nr, w = W cos 80 sin fiz .. (3); 


so that = —/iU cos $0 sin pz ... (4), 

<r 3 = (W +aY) cos 50 sin pz . (5), 

v = (—sU+ fiV) sin 50 cos /iff,. (6), 


unity being written for convenience in placo of a. The energy per 
unit area is thus 


2«A^co8 2 «08inV {rU 2 + (W + »V)® + ^r?(W+»V-/tU)8} 

•+ain 2 #0 cos 2 ^2 (—.(7). 

Again, the kinetic enorgy per unit area is, if p be the volnme 
density, 

ph cos 2 50 cos 2 pz + sin 2 «0 sin 3 px + cos 2 50 sin* /aj 

.( 8 ). 


In the integration of these expressions with respect to 0 and s 9 the 
mean value of each sin 2 or cos 3 is J * We may then apply Lugrango’s 
method. If the typo of vibration be cosp£, and p z pjn = A; 2 , the re¬ 
sulting equations may be written 


{2(M +1 )/t 2 + 8 2 —fc 2 }U — (2M +1 )/iaV—2M/iW = 0.... (9), 
— (2M+I)/tffU+{/< 2 + 2(M-f])5 2 —k 2 }V+2(M + l)8W = 0... (10), 
-2M/iTJ+2(M+l)8V+{2(M+l)-A; 2 }W = 0... (11), 


whore M = .(12). 

w + n 

The frequency equation is that expressing the evanescence of the 
determinant of this triad of equations. 

We will consider for a moment the simple case which arises when 
P = 0, that is, when the displacements are independent of e. The 
three equations reduce to 

* In the physical problem the range of integration for p is from 0 to 2*; but 
mathematically we are not confined to one revolution. We may oonoeive the ihell 
to consist of several superposed convolution?, and then a is not limited to be a whole 
number. 
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(«s-fc 3 )u = o.:.(is), 

{2(M+1)«*—fe s }V+2(M+l)*W = 0.(14), 

2(M+1)«V+{2(M+1)—& S }W = 0.(15); 

and they may bo satisfied in two ways. First let V = W as 0; then 
U may bo finite, provided 

= 0. (16). 


The corresponding typo for U is 

U = cos *0 cospt.(17). 

where J>® = ^.(18), 

a being restored, as can bo done at any moment by consideration of 
dimensions. In this motion the material is sheared without extension, 
every generating line of the cylinder moving along its own length. 
The frequency depends upon the circumferential wave-length, and not 
upon the curvature of the cylinder. 

Tho second kind of vibrations are those in which U s= 0, so that 
the motion is strictly in two dimensions. Tho elimination of the ratio 
V/W from (H), (15) gives 

2(M + l)(l+s 3 )} = 0. (11?), 

as the frequency equation. The first root is = 0, indicating in¬ 
finitely slow motion. These are the flexural vibrations already 
referred to, and the corresponding relation between Y and W is by 
(14) 

«V+W = 0. (20), 

giving by (4), (5), (6), 

= » =s 0. 

The other root of (19) gives on restoration of n, 



W- J^L(l+ 4 3). 

.(21), 


w+n 

or 

, _ 4»n» l+» a 
* m + tt afy 

.(22); 


while the relation between V and W is 
— V + sW as 0 


(28). 
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It will bo observed that when * is very large, the flexural vibrations 
tend to become exclusively normal, and the extonsional vibrations to 
become exclusively tangential, as might have been expected from the 
theory of plane plates* 

Returning now to the general case, the determinant of (9), (10), 
(II) gives on reduction 

[* s —/i*-** 8 ]!*^* 2 —2(M*f 1) (^ 8 + 6 a + l)]+4(2M+l)yu*} 

+4(2M+1),A® = 0. (24). 

If = 0, we havo the three solutions already considered, 

*3 = 0, *2 = *3, i* = 2(M+l)(*3+l). 

If s = 0, that is, if the deformation be symmetrical about the axis, 
wo havo 


= A or *2[A a -2(M+l)0* a +l)]+4(2M+l> 9 = 0 (25). 

Corresponding to the first root we have U = 0, W = 0, as is readily 
proved on reference to the original equations with s = 0. Tho vibra¬ 
tions are the purely torsional ones represented by 


v = sin cos pt .(26), 

where = .(27). 

P 


The frequency depends npon the wave-length parallel to the axis, 
and not npon the radius of the cylinder. 

The remaining roots of (25) correspond to motions for which V s= 0, 
or which take place in plaues through the axis. The general character 
of these vibrations may be illustrated by the case whore is small, or 
tho wave-length a large multiple of the radius of the cylinder. We 
find approximately from the quadratic (on restoration of a) 


Wa* _ 2MVW 

M+l + (M+1)* 


(28), 


or 




9(2M+lV a 

(M+l) 


(29). 


The vibrations of (28) are nearly purely radial. If we suppose 
that /i vanishes, we fall back upon 

*W«2(M+1), 
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or 




4wtn 1 

m+n a % p 


(30),* 


as may be scon from (22), by putting e = 0. 

On the other hand, the vibrations of (29) are nearly purely axial. 
In terms of m and », 


nu 3 3w—n 

p m 

r * 


(31). 


Now, if q denote Young’s modulus, 


2 = 


»(3m—n) 


m 


(32); 


so that 



(33). 


This is the ordinary formula for the longitudinal vibrations of a rod, 
the fact that the section is here a thin annulus not influencing the 
result to this order of approximation. 

Another extreme case worthy of notice occurs when e is very great. 
Equation (24) then reducoB to 

0*-2(M + l) (/4 3 + * 3 )] =0.(34) ; 

so that k 2 bocomes a function of p and a only through (^ 2 +« a ), as 
might have been expected from the theory of plane plates. The first 
root relates to lloxural vibrations; the second to vibrations of 
shearing, as in (18); the third to vibrations involving extension of 
the middle surface, analogous to those in (22). 

It is scarcely necessary to add, in conclusion, that the most general 
deformation of tho middle surface can be expressed by means of a 
series of such as are periodic with respect to a and 0, so that the 
problem considered is really the most general small motion of an 
infinite cylindrical shell. 

[Another particular case worth notice arises when a = 1, so that 
(24) assumes the form 

/t 9 —l)[fc 3 —2(M+l)0t s +2)] 

+ 4^(& 3 -/i s )(2M + I) = 0.(35), 


As we have already seen, if p be aero, one of the values of k 2 vanishes. 
If p be Bmall, the corresponding value of fc 2 is of the order p\ Equa¬ 
tion (35) gives in this case 


* M+l * 


.(36); 


• Thie equation ie given, in a elightly different form, by Love (few. cit., p. 523). 
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March 21, 1889. 

Professor G, G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read :— 

I. 44 On the Velocity nf Transmbwion through Sca-water of 
Disturbances of large Amplitude caused by Explosions.” 
By Richard Tiirelkall, M.A., Professor of Physics, and 
John Frederick Adair, M.A., Demonstrator of Physics, 
University of Sydney. Communicated bv Professor J. J. 
Thomson, F.R.S. Received March 14, 1889. 

(Abstract.) 

This paper contains an account of a large number of experiments 
made with the object of determining tbe velocity of waves of com¬ 
pression caused by explosions under water. 

The method adopted depended on the use of a certain “ gauge ” 
devised for the occasion, whereby the arrival of the disturbance at a 
given point was transmitted to a chronograph. 

The disturbances themselves wore caused by submarine explosions 
of dynamite and guncotton in quantities varying from nine ounces to 
four pounds. 

The distance over which the velocity was measured was about 
200 yards. 

The water was that of the Pacific Ocoan in the harbour of Port 
Jackson, N.S. Wales. 

The chronograph was of the falling pendulum description, and 
fired the ohaige automatically. 

The absolute time was obtaiued by comparing the chronograph 
tuning fork with au astronomical clock. 

The distance was obtained in terms of the standard yard of N.S. 
Wales by means of trigonometrical survey. The chief results for 
the range quoted are as follows 
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Description of 
explosive. 

Number of 
experi¬ 
ments (each 
experiment 
involving 
two explo¬ 
sions and 
time mea¬ 
surements) . 

Velocity 
found in 
metros per 
second. 

d 

t 

£ 

fi 

l 

Velocity 
of sound 
calculated 
in metres 
per second. 

Excess of 
velocity os 
compared 
with 

Telocity of 
sound. 

A. 

9 ox. dry guncotton. 

11 

1732 ±22 

17°-8 

j 1523 

per cent. 
18 -75 


10oz. No. 1 dynamite 

24 

1775 ±27 

14-6 

1508 

17-7 


18 os. dry guncotton. 

5 

1942 ±8 

18'3 

1625 

27*3 

D 

04 oz. dry guncotton. 

3 

21)13 ±35 

19 0 

1628 

31*7 


The chief portion of the paper is occupied by a description of the 
details of the precautions taken to make the measurements as accurate 
as possible. 


II. “ An Experimental Inveatigatson of the Circumstances under 
which a Change of the Velocity in the Propagation of the 
Ignition of an Explosive Gaseous Mixture takes place in 
closed and open Vessels. Part I. Chrouogrtiphic Measure¬ 
ments.” By Fueperiok J. Smith, M.A., Millard Lecturer, 
Exptl. Mech., Trin. Coll., Oxford. Communicated by A. Gi 
VKUNON HAttCOUUT, F.R.S. Received March 12, 188!). 

(Abstract.) 

The subject of the paper of which this is an abstract, is the deter¬ 
mination of the rate of change of the velocity of the propagation of 
an explosion in gaseous explosive mixtures. 

It has been noticed by several investigators, vis., MM. Bertholot 
and Virile, MM. Mallard and Le Chatelier, and Professor H. B. Dixon, 
V.R.S., that explosive gaseous mixtures after ignition do not reach 
their maximum velocity of propagation at once, hut that a certain 
maximum velocity is attained soon after initial ignition. 

In order to investigate this interesting period, which may be called 
the acceleration period of an explosion, ohronographic measurements 
of a peculiar nature were found necessary. 

It was at once evident that but little advance in this branch of the 
subject of explosions could be made unless exceedingly minute periods 
of time oould be measured with certainty. 
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It was not possible to work with the pendulum chronograph (good 
ns this instrument is for other branches of research), as its length of 
traverse is too limited, and the difficulty of subdividing tuning fork 
traces is found to be very groat, since the velocity of the pendulum 
varies from zero up to a maximum during its swing; this being so, a 
new form of chronograph has been devised to meet as far as possible 
all the requirements of the ease, by means of the instrument. The 
following results have boon obtained:— 

1. Tho *T 5 r>iu>th second can be measured with ease, and periods of 
time differing from-j^th second to ^J ff5 th second can be recorded 
on the same moving surface. 

2. The surface which receives the record moves at a velocity 
which is practically constant during the traverse of 50 cm.; also its 
velocity can be varied between wide limits. 

3. A large number of time records can be mode side by side, all 
records being mode in straight lines. 

4. Fractions of recorded vibrations of a fork can be subdivided by 
means of a micrometer microscope. This is not the case with vibra¬ 
tions recorded on a surface attached to a pendulum, where the velo¬ 
city varies from zero up to a maximum at tho middle of the swing. 

The electromagnetic styli, by means of which events are marked, 
are so constructed that their period of 44 latency ** is almost absolutely 
constant, and their electromagnets are so wound that no sparking 
takes place on breaking the circuit. 

A moving surface is carried on a carriage, which is propelled by 
means of a falling weight, which after a certain velocity has been 
attained is removed, the surface then moves with & velocity which is 
found to be practically constant, for the limits between which a time 
record is made. 

The chronograph is used in conjunction with a steel tube in whieh 
the explosions take place. At even distances along tho axis of the 
tube, conducting bridges, eight to ten in number, of Dutch metal 
insulated from the tube, are placed; each bridge is connected electri¬ 
cally with a recording stylus, so that as each bridge is broken by the 
explosion, a mark is made on the surface of the chronograph; 
these markings when duly interpreted provide data for constructing 
a curve, which indicates the rate at which the velocity of the 
explosion is changing during its propagation. 

The rest of the paper treats of the methods by means of which tho 
errors due to the use of electromagnets in chronographic work have 
been dealt with and reduced as far as possible. 
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III. “On an Effect of Light upon Magnetism* By Sitelford 
Bidwell, M.A., F.ILS. Received March 11, 1889, 

Several experimenters in the early part of tho present century 
tried to magnetise iron and steel by the action of light,* but I do not 
know of any recent attempts in this direction, and of late years the 
thing has been generally regarded as impossible. Under ordinary 
circumstances there can be littlo doubt that this is the case, bat, if a 
certain condition is fulfilled, we might, I think, expect to find some 
evidence of the action of radiation upon the magnetism of iron. 

The condition is that the susceptibility of the bar AB to be operated 
upon shall be greater (or less) for a magnetic force in tho direction 
AB than for an equal one hi the direction BA. This paper contains 
a short preliminary account of a series of experiments which have 
been undertaken with iron bars having this property. Much yet 
remains to be done, which will require a considerable amount of time, 
and for which special apparatus must bo* constructed. In the moan¬ 
time, tho results already obtained appear to possess sufficient interest 
to justify their publication. 

The method of preparing tho bars is as follows : A piece of soft 
iron rod, which may conveniently be 10 or 12 cm. long and from 0*5 to 
1 cm. in diameter, is raised to a bright yellow heat and slowly cooled. 
When cold, it is placed inBido a solenoid, through which is passed a 
battery current of sufficient strength to produce a field of about 350 
or 400 C.G.S. units. The iron when removed from the coil is found 
to be permanently magnetised, and its north pole is marked for the 
sake of distinction with red sealing-wax varnish. The bar is then 
supported horizontally and in an east and west direction behind 4 
small reflecting magnetometer, and over it is slipped a coil, which is 
shunted with a rheostat, the resistance of which can be gradually 
increased from 0 to 26 ohms. The coil can be connected by a key 
with a single battery coll, which is so arranged as to produce a 
demagnetising force inside the coil. The resistance of the rheostat 
is slowly raised, so that more and more current passes through the 
coil, the battery key being alternately lifted and depressed until the 
magnetometer indicates that the iron bar as a whole is perfectly 
demagnetised. The strength of the demagnetising force required 
varies according to circumstances : it is generally about one-thirtieth 
or one-twenty-fifth of the original magnetising force. 

After this treatment the iron rod does not differ, so far as ordinary 
tests will show, from one which has never been submitted to mag- 

* Chiystal, * Bncyol. Britain./ vol. 15, p. 274, mentions the following 
Moriohioi, Mrs. Somerville, Christie, Biees, and Moser* 



454 Oft an Effect of Light upon Magnetism. [Mar. 31, 

netic influences. Nevertheless, as is well known, it possesses certain 
properties which distinguish it from a piece of really virgin iron* In 
the first place, the magnetisation induced by a force acting in such 
a direction as to make the marked end a north pole, is greater 
than that caused by an equal force in an opposite direction* Again, 
if such a bar be held horizontally east and west (to avoid terrestrial 
influences), and tapped with a mallet, the marked ond at once 
becomes a north pole. A similar effect follows if the rod be warmed 
in tho flame of a spirit-lamp. Lastly, if it be plaoed inside a coil and 
subjected to the action of a series of rather feeble magnetic forces, of 
equal strength but alternating in direction, the marked end will 
generally become a north pole, even though the last of the alternate 
forces may have tended to induce the opposite polarity. 

A rod treated as above described appears to be remarkably sensi¬ 
tive to the action of light. When such a rod is placed behind the 
magnetometer, and illuminated by an ©xyhydrogen lamp about 
70 om. distant, there occurs an immediate deflection of from 10 to 200 
scale divisions,* the magnitude of the effect varyitig in different 
specimens of iron. As the action of the light is continued, the 
deflection slowly increases. When the light is shut off, the magneto¬ 
meter instantly goes bock over a range equal to that of the first 
sudden deflection, then continues to movo slowly in the backward 
direction towards zero. 

The first quick movement I believe may be due to the direct action of 
radiation, and the subsequent slow movement to tho gradually rising 
temperature of the bar. With a thick rod (1 cm. in diameter) the 
slow movement is barely perceptible, extending over only one or two 
scale divisions in the course of a minute, the spot of light becoming 
almost stationary after the first sudden jump. With a thin rod the 
sudden effect is generally smaller, white the slow after-effect is 
greater and may continue until the spot of light passes off the scale. 

As a general rule the magnetic effect ib such as to render the 
marked end of the rod a north pole: occasionally, however, it becomes 
a south pole, but in snoh cases I have always found that the polarity 
is comparatively feeble. It may even happenf that the marked end 
becomes north when certain portions of the rod are illuminated, and 
south when the light acts upon other portions. This is probably due 
to irregular annealing and a consequent local reversal of the direction 
of maximum susceptibility: it indicates that tho light effect 1 b local, 
and is confined to the illuminated surface. In one remarkable sped* 
men, which happens not to have been annealed at all, the sudden 
effect and the slow effect are in opposite directions. When the light 

* The magnetometer mirror w m 1 metre diitast from the scale and eaoh division 
«» 0*64 mm. (A inch). 

t This has been observed in two epeatae mm 
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is tamed upon ibis rod, there is at first a sudden deflection of twenty 
magnetometer-soale-divisions to the left, the spot afterwards moving 
slowly and steadily towards the right. When the light is shut off 
there occurs at once & jump of twenty divisions farther towards the 
right before the spot begins to move back in the zero direction. 

Some attempts have been made to repeat the experiments with light 
polarised by means of a Nicol*s priBm; but, either because the largest 
prism at my disposal was too small (its aperture being barely 2 cm.), 
or because too muoh of the radiant energy was absorbed by the spar, 
I failed to get any magnetic effects whatever with the prism in either 
position. 

[Professor Silv&nus Thompson has quite recently been Hud enough 
to lend me a very large and excellent Nicol's prism. From a few 
experiments already made with this instrument it appears that the 
action of the light is quite independent of the plane of polarisation.— 
March 16.] 

There can be no doubt whatever of the reality of the effects here 
described: they arc perfectly distinct, and are at any time reproducible 
with certainty. The only question is how much of them is primarily 
caused by the action of light, and how much by mere incidental 
change of temperature. But taking all the oircumstanoes into con¬ 
sideration, 1 think the evidence is in favour of the conclusion that 
the instantaneous magnetic change, which occurs when a prepared iron 
bar is illuminated, is purely and directly an effect of radiation. 


IV. * Recalesoence of Iron.” By J. Hoekinson, F.R.S. r 
Received March 7, 1889. 

Professor Barrett has observed that if an iron wire be healed to a 
bright redness and then be allowed to cool, that this cooling does not 
goon continuously, bni that after the wire has sunk to a very dull red 
it suddenly becomes brighter, and then continues to cool down. Be 
surmised that the temperature at which this occurs is the temperature 
at which the iron ceases to be magnetisable. Iu repeating Pro f ess or 
Barrett’s experiments, I found no difficulty in obtaining the phene* 
menon with hard steel wire, hut I foiled to observe it in the case of 
soft iron wire, or in the case of manganese steel wire. It appeared 
i to be of interest to determine the actual temperature at which the 
phenomenon occurred, and also the amount of heat which was 
liberated. Although other explanations of the phenomenon hasp 
. been offered, there can new, I think, have bean much doubt that it 
^ was. due to the liberation of heat owing to some change in the 
;material, and not due to any change hi the conductivity or emissive 
power. My method bi experiment Was exceedingly simple. I tobk a 
tot. xlv. 2 H 



456 


Mr. J. Hopkitwon. [Mar. 81, 

cylinder of hard steel, 6*3 cm, long and 5*1 cm. diameter, cut a 
groove in it, and wrapped in the groove a copper wire insulated with 
asbestos. The cylinder was wrapped in a large number of coverings 
of asbestos paper to retard its cooling, the whole was then heated to 
a bright redness in a gas furnace, was taken from the furnace and 
allowed to oool in the open air, the resistance of the copper wire being 
from time to time observed. The result is plotted in the accom¬ 
panying curve, in which the ordinates are the logarithms of the 
increments of resistance above the resistance at the temperature of 
the room, and the abscisses are the times. If the speciflo heat of the 
material were constant, and the rate of loss of heat were proportional 
to the excess of temperature, the curve would be a straight line. It 
will be observed that below a certain point this is very nearly the 
case, but that there is a remarkable Wavo in the curve. The tempe¬ 
rature was observed to be falling rapidly, then to be suddenly 
retarded, next to increase, then again to fall. The temperature 
reached in the first descent was 680° C. The temperature to which 
the iron subsequently ascends is 712° C. The temperature at which 
another sample of hard Bteel ceased to be magnetic, determined in 
the same way by the resistance of a copper coil, was found to be 
690° C. This shows that within the limits of errors of observation 
the temperature of recalescence is that at which the material ceases 
to be magnetic. This curve gives the material for determining the 
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quantity of heat liberated. The dotted lines in the curve show 
the continuation of the first and second parts of the curve, the 
horizontal distance between these approximately represents the time 
during whioh the material was giving out heat without fall of tempe¬ 
rature. After the bend in the curve the temperature is falling at the 
rate of 0*21° 0. per second. The distance between the two curves is 
810 seconds. It follows that the heat liberated in recalesconce of 
this sample is 173 times the heat liberated when the iron falls in 
temperature 1° C. With the same sample I have also observed an 
ascending curve of temperature. There is in this case no reduction 
of temperature at the point of recalesoeuce, but there is a very 
substantial reduction in the rate at which the temperature rises* 


V. “ Electrical Resistance of Iron at a High Temperature.” 

By J. Hopkinson. Received March 14, 1889. 

Auerbach, Callendar, and 1 think also Tait, have observed that the 
temperature coefficient of eleotrical resistance of iron is abnormally 
high. So far as I know no one has pushed his observations to the 
temperature at which iron ceases to be magnetic. 


* The accompanying curve shows the results of experiments made 
upon a very soft iron wire. The absciss® are the temperatures as 
estimated by the resistance of a copper wire, the ordinates represent 
the resistance of the iron wire having unit resistance at 20° 0. It 

2 h 2 
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will be aeen that the temperature coefficient of iron rages from 
0*0048 at the ordinary temperature to 0*018 at a temperature jut 
short of 85&° 0.; it then suddenly changes to about 0*0067. The last 
coefficient can only be regarded m a somewhat rough estimate. 

This temperature being a higher temperature than 1 had observed 
previously in any case as the temperature at which a sample of iron 
eeases to be magnetic, it appeared desirable to ascertain whether the 
iron wire differed from other samples in this respect. A ring was 
formed of the wire, and was wound with a primary and secondary 
coil, and the resistance of the secondary was determined when the 
magnetisability of the iron disappeared. It was found that this 
resistance was the resistance which corresponded to a temperature of 
870° O.; this temperature agrees with that at which the discontinuity 
in the resistance curve occurs, within the limits of errors of observa¬ 
tion. 


Presents, March 21,1889. 

Transactions. 

Baltimore:—Johns Hopkins University. Circular. No. 69. 4to. 

Baltimore 1889. The University. 

Munich:—Konigl. Bayerisohe Akademie der Wissensohafteu. Ab- 
handlungen (Philos-Philol. Classe). Bd. XVIII. Abfeb. 1. 
4to. Minchen 1888; Du Bayeriscbe FritaiBuma-Nivelkmant. 
Siebente Mittheitung,von Carl Max ▼. Bauemfeind.4to. JCffoeftstt 

1888. The Academy. 
Naples:—Accademia delle Science Fisiohe e Matematiche. Bsndi- 

oonto. Ser. 2. Vol. II. Faso. 1-12. 4to. Napoli 1888. 

The Academy. 

New Tork:—American Geographical Society. Bulletin. Vol. XX. 

Supplement. 8vo. New Tork 1888. The Society. 

Paris:—Boole Normals Snpdrieure. Annates. Annie 1888. No. 2. 
4to. Parte. The School. 

Soriltl de Giographie. Bulletin. Tome IX. Trim. A 8vo. Parse 

1889. The Satiety. 
Sociltl Mathlm&tique de France. Bulletin. Tome XVI. No. 6. 

8vo. Parse 1888. The Society. 

Rome *— EL Comitate Geologioo d’ltalia. Bollsttino. Nos. 11 a 12. 

8vo. Roma 1888. The Comitato. 

Toronto:—Canadian Institute. Proceedings, Vol. VI. No. 1. 

8vo. Toronto 1888. The Institute. 

Vienna:—Anthropologisohe Gesellschaft. Mittheilungen. Bd. 
XVm. Heft 4. 4to. Wien 1888. The Society. 

Kaiserliche Akademie der Wiaseuohaften. Anzeiger. Jahig. 
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Transactions (continued). 

1888. Nr. 29-27. 1889. Nr. 1. 8vo. Wim ; Mittheilungen 
der Prihistorisohen Commission. No. 1. 4to. Wim 1888. 

The Academy. 

K.K. Geologische Reiohsanstalt. Verhandlungen. Jahrg. 1888. 
Nos. 14-18. 1889. Nos. 1-2. 8vo. Wim. 

The Institute. 

K.K. Natarhistorisobes Hofmuseam. Annalen. Bd. III. Nr. 

3-4. 8vo. Wim 1888. The Museum. 

K.K. Zoologisch-Botanisehe Gesellsohaft. Verbandlnngen. Jahrg. 
1888. Heft 3-4. 8vo. Wien. The Society. 

Warwick:—Warwickshire Naturalists’ and Archeologists’ Field 
Club. Proceeding*. 1887. 8vo. Warwick [1888]. 

The Club. 

Tokobama:—Asiatic Society of Japan. Transactions. Yol. XVI. 

Part 2. 8vo. Yokohama 1888. The Society. 

Zftrioh:—Naturforsohende Gesellsohaft. Vierteljahrssohrift. Jahrg. 
XXXIII. Heft 1-2. 8vo. Zurich im. The Society. 


Observations and Reports. 

Batavia:—Magnetical and Meteorological Observatory. Observa¬ 
tions. Vole. VIII, X. 4to. Batavia 1888; Regenwaarnemingen 
in Nederlandsoh-IndiS. 1887. 8vo. Batavia 1888. 

The Observatory. 

BombayMeteorological Office. Brief Sketch of the Meteorology 
of the Bombay Presidency in 1887-88. Folio. Bombay. 

The Offloe. 

Calcutta:—Meteorological Office. Observations made at Sevan 
Stations in India. August—September, 1888. Folio. [Cal¬ 
cutta]. The Office. 

Columbus:—Ohio Meteorological Bureau. Report. December, 
1888, and January, 1889. 8vo. Columbus. The Bureau. 

India:—Geological Survey. Records. Yol. XXI. Part 4. 8 to. 
Calcutta 1888. The Survey. 

Mad rid:— Comisidn del Mapa Geoldgieo de Espafia. Boletin. Tomo 
XIV. 8ro. Madrid 1887. The Comisidn. 

Mexico:—Observatorio Meteoroldgioo-Magndtioo Central de Mdxioo. 
Boletin mensual. Tomo I. Ndm. 1-3. 4to. [Mia tec] 1888. 

The Observatory. 

New York:—Geological Survey of the State of New York. 
Palwontology. Vole. YI-VII. 4to. Albany 1887-88. 

The Survey. 

Pennsylvania:—Geologioal Survey. Annual Report. 1880. Part4, 
with Atlas. 8vo. Harrisburg 1887; Atlas, Northern Anthracite 
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Field. Part 2. 8vo. [Harrisburg 1888]; Atlas, Eastern 
Middle Anthracite Field. Pari 2. 8vo. [Harrisburg 1888]. 

The Survey. 

Wellington:—Statistics of the Colony of New Zealand. 1887. 
Folio. Wellington 1888; Reports of the Mining Industries. 
1888. Folio. Wellington. 

The Government of New Zedand. 
Zurich:—SohweizerischeMeteorologischeCentral-Anstalt. Annalen. 
1886. 4to. Zurich [1887]. The Institute. 


March 28, 1889. 

Professor G. G. STOKES, D.C.L., President, in the Chair. 

The Presents rcceivod were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 


I. “The Structural Arrangement of the Mineral Matters in 
Sedimentary and Crystalline Pearls.” By George Harley, 
M.D., F.R.S. Received March 6,1889. 

[Publication deferred.] 


II. “ On the descending Degenerations which follow Lesions of 
the Gyrus marginalia and Gyrus fomicatus in Monkeys” 
By E. P. France. With an Introduction by Professor 
Schafer, F.R.S (from the Physiological Laboratory, 
University College* London). Received March 9, 1889. 

(Abstract.) 

This paper contains a minute account of the descending degenera¬ 
tions which have been observed to make their appearance in the lower 
portions of the central nervous system, as t&e result of artificially 
established lesions of parts of the cerebral coriter. The work has been 
carried out by Mr. France with material supplied by the researches 
of Professor Horsley, Dr. Sanger Brown, and Pftrfessor Schafer, 
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which, have been published iu the ‘Philosophical Transactions * 
(vol. 179). It is illustrated partly by representations of certain of 
the brains showing the extent of the lesions, partly by photographs of 
microscopic sections through the spinal cord and medulla oblongata. 


III. 44 On certain Ternary Alloys. I. Alloys of Lead, Tin, 
and Zinc.” By C. R. Alder Wright, D.Sc., P.R.S., 
Lecturer on Chemistry and Physics, and C. THOMPSON, 
F.C.S., F.I.C., Demonstrator of Chemistry, in St. Mary's 
Hospital Medical School. Received March 5, 1889. 

It is well known, that quite apart from a tendency to separate more 
or less completely into different mixtures during solidification, certain 
mixtures of molten metals show a tendency to separate into two alloys 
of different densities on standing fused for some time. Lead and zinc 
and bismuth and zinc have been shown by Matthiessen and von Bose 
(‘Roy. Soc. Proc./ vol. 11, p. 430) to form two such mixtures. We 
find that aluminium and zinc or aluminium and bismuth also behave 
in the same way. In each case two different alloys are fofrmed, one con¬ 
sisting of the heavier metal with a little of the lighter one dissolved 
therein, the other of the lighter metal containing a small quantity of 
the heavier one. 

On the other hand, tin will alloy indefinitely in all proportions with 
any one of the four metals, lead, bisnmth, zinc, or aluminium, the 
mixtures exhibiting no particular tendency to separate into two 
different alloys on simply remaining at rest iu a fused condition, 
although in certain cases more or less separation is apt to occur during 
solidification , owing to partial formation of eutectic alloy. On quickly 
cooling a mass of 60 to 80 grams of mixed metal, fused in a small 
narrow crucible and kept molten for some hours, an ingot is obtained, 
the highest and lowest portions of which exhibit sensibly the same 
composition on analysis; no more difference being observed than may 
reasonably be attributed to surface oxidation and volatilisation whilst 
standing molten, and to incipient formation of eutectic alloy during 
the act of solidification. ThuB the following figures were obtained 
with two ingots of zipe and tin, and'similarly in the other cones 
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Various other metals, e.g., cadmium, antimony, silver, da, appear to 
behave like tin in this respect. 

It occurred to us that it would be of interest to examine the 
behaviour under similar conditions of ternary mixtures where two of 
the ingredients are not miscible together in all proportions (like 
aluminimn and lead), whilst the third is miscible indefinitely with 
either of the other two (like tin). A priori, it would seem probable that 
such mixtures would behave in a fashion similar to mixtures of 
alcohol, ether, and water. It is well known that these three fluids can 
be mixed together in certain proportions so as to form a Bingle homo¬ 
geneous liquid, not separating into two different layers on standing; 
whilst, on the other hand, certain mixtures of alcohol and ether, when 
agitated with water, ultimately form two different fluids, the heavier 
one consisting of water containing in solution some alcohol and ether, 
the lighter one of ether retaining the rest of the aloohol and some 
water. By parity of reasoning it might be expected that with certain 
proportions a single stable alloy wonld result, whilst with others the 
mass would divide into two different ternary mixtures. In point of 
faol this is precisely what occurs. 

For a variety of reasons we selected the alloys of lead, tin, and sine 
for our first experiments : these metals are easily obtained in quantity 
and of fair purity; the mixtures are fusible at temperatures easily 
attained and controlled; and the analysis of the resulting alloys is 
comparatively simple and easily executed with accuracy, uo unim¬ 
portant point when some 200 to 300 different alloys are to be ex¬ 
amined, as we found to be ultimately necessary. Oar first preliminary 
experiments indicated that when the lead and sino are present in 
proportions not widely different (between the limits 3 to 1 and 1 to 3), 
the quantity of tin requisite to prevent separation into two different 
alloys was from ^ to \ (38 to 40 per cent.) of the total mass, ve., such 
mixtures, after standing quiescent in a molten state for several hours 
and then cooled, gave ingots exhibiting sensibly the same composition 
at top and bottom. For example, the following figures were obtained 
with five different mixtures where the tin was always not less than 
85 per cent, of the whole, whilst the sine and lead varied in their ratio 
between the limits 1 to 2 and 2 to 1 or thereabouts:— 





Oh cirtato Ternary Alloy** 


Top... 

Tin. 

Lead. 

Ziue. 

85 •86 

86'80 

44*47 

48*62 

80-17 

80-68 

Bottom......... 

Mean. 

SB *58 

44*06 

80-37 

Top. 

86 *81 

87 *01 

80*78 

89-41 

23*41 

22*08 

Bottom. 

Mean. 

87'36 

89*00 

23 04 

Ton. 

86*93 

88*83 

80*96 

81 *84 

82 *11 
29*93 

Bottom. 

Moan. 

37*68 

81 *40 

81*02 


Ton ... 

86*43 

86*90 

26- 90 

27- 93 

36-67 

85 17 

Bottom.. 

Mean. 

36-67 

87*41 

85*02 


Ton. 

36*06 

87*68 

83-18 

88-06 

41*88 

39-87 

Bottom......... 

Mean* 

86*82 

22*59 

40*50 
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These figures are the results of the analysis of the ingots obtained by 
melting the various mixtures in a crucible, well stirring together for 
some minutes, pouring into the red-hot bowl of a plugged day 
tobacco-pipe, and keeping molten for some hours whilst at rest, and 
finally quickly cooling by removing the source of heat (a bunsen 
burner). The differences between the compositions of the top and 
bottom portions of the ingots are obviously no greater than what may 
be reasonably ascribed to surface oxidation and volatilisation, and 
possible slight variation introduced through partial separation into 
differently fusible alloys during solidification. 

On the other hand, the following figures were obtained with three 
other mixtures, in which the tin constituted respectively about 9, 20, 
and 27 per cent, of the whole, whilst the zinc and lead were in the 
ratios 2 to l, 1 to 1, and 1 to 2 in the three cases respectively:— 
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Top.. 

Bottom... 

Tin. 

lead. 

Zino. 

10-81 

7 70 

2-90 

90-22 

86-79 

2 08 

Top... 

Bottom. 

21-89 

IS-48 

8-12 

76-76 

69*99 ! 
6-76 | 

Top. 

Bottom... 

24-16 

29-66 

9*00 

63*20 

66-86 1 
17-24 | 

1 


These and various other similar experiments led us to the con¬ 
clusion that the greater the proportion of tin present (provided it 
does not exceed the limiting amount beyond which no separation 
takes place) the more zino is contained in the heavier alloy, and the 
more lead in the lighter one; but that the distribution of the tin 
throughout the entire mass is by no means uniform, the lighter alloy 
containing the greater percentage when the proportion of tin in the 
total mass is low, and vice versd when it approaches towards the 
limiting amount; bo that with a particular proportion of tin in*the 
total mass uniform distribution as regards weight percentage occurs, 
but with no other proportion. 

These first indications appeared to be of sufficient interest to be 
worth following up by the examination of a large number of mixtures 
so as to enable curves to be drawn representing the variations in 
composition of the heavier and lighter alloys relatively to one another 
and in the distribution of the tin throughout the compound mass. 
Accordingly, we first of all attempted to find out whether a moderately 
large variation in the temperatnre at which the mass was kept molten 
had any great influence on the end result; for if not, obviously much 
laborious work would be saved, thermostats and arrangements for 
keeping constant temperatures for long periods of time together and 
suoh like devices, involving much complexity of working, being for 
less indispensable than would otherwise be the ease. For this pur¬ 
pose we prepared two series of mixtures, in each of whioh equal 
quantities of lead and zino were weighed up with varying quantities 
of tin. The metals were melted in a crucible (previously heated to a 
dull red heat) with a little cyanide of potassium, well stirred together 
with a clay rod for some minutes, and then poured into the red-hot 
bowl of a plugged clay tobacco-pipe and kept therein molten for four 
to five hours. In the first Beries the bowl was kept hot in the flame 
of a bnnsen burner lapping all round the bowl ; in the second, the heat 
was intensified by surrounding the bowl with a olay cylinder so ae to 
jacket it) A bundle of pieces of thick platinum rod heated in exactly 
the same,way and transferred to a calorimeter, gave with howls not 
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jacketted temperatures varying in different experiments between 
560° and 580®, and averaging exactly 565°; whilst when heated in 
pipe bowls jacketted with the cylinder, temperatures were indicated 
varying between 675° and 705°, and averaging 689°, or 124° higher than 
before.* It may therefore be fairly assumed that the average tem¬ 
perature at which tho mixtures were kept molten was not far from 
124° higher in the second series than in the first. 

After the requisite time had elapsed the lamp was removed, as also 
the jacketted cylinder when employed; in a few minutes the contents 
of the pipe-bowl were solid, when the clay was broken away from the 
somewhat oonioal compound ingot formed. After filing away about a 
couple of millimetres from the outside, the top and bottom portions 
were cut off by a cold chisel or saw and analysed. Usually a well- 
marked line of separation between the heavier and lighter alloys 
formed and was easily distinguishable; as long as the tin percentage in 
the total mass was low, this line was approximately in the middle of 
the mass, but with larger proportions of tin the dividing line gradually 
rose until the limit was being approached, beyond which no separation 
took place, when the dividing line was so near to the upper surface as 
to render it impossible to saw off even a thin layer of lighter alloy 
without intermixture with more or less of the heavier one. 

The analysis in all cases was made as follows : a weighed portion 
(usually from 5 to 8 grams) was boiled with diluted pure nitrio acid 
in a well-covered capacious beaker until oomplete oxidation was 
effected; the liquid was then diluted and allowed to stand till cold 
and filtered. No appreciable quantity of tin was ever found in 
solution.*! 1 The filtrate was evaporated to a small bulk with excess of 
pure sulphuric acid, and the lead sulphate produced collected and 
Weighed; tho filtrate and washings from this sometimes contained 
traces of lead; if so, these were precipitated by sulphuretted hydrogen 

* The calorimeter employed contained a litre of water and had a water equivalent 
of 1050 grams j the thermometer read to xfo of a degree centigrade. Taking the 
initial temperature of this calorimeter as t h and the Anal as t 2 (corrected for radia¬ 
tion, 4o.),W ai the weight of platinum, and S its mean specific heat between t 2 and 
T, the temperature to be measured, the value of T was calculated by the formula 

T - 10t °w<.V' l> *‘- 

W in most of the observations was 51*055 grams j S was taken from FouiUet's 
values by interpolation as being 

Between <, (about 16°) and 565 - 0 *08545 
„ „ 689-0*08595 

„ „ 750-0*08625 

t When tin is oxidised by dilute nitric add in presence of relatively large quan¬ 
tities of certain metals, especially iron is the case of tinplate), very perceptible 

quantities of tin are generally taken permanently into solution. 
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and determined. Owing to the solution of lime, alumina, Ac., from 
the Teasels used during evaporation, we found that too high a value 
was always obtained by directly precipitating sino with sodium oar* 
bonate from the aoid fluid; wherefore we first precipitated it as sul¬ 
phide by meauB of ammonia and ammonium sulphide, and redissolved 
the precipitate in dilute hydrochloric acid (after collection on a filter) 
before precipitating as carbonate. Any traoes of sino not thrown 
down thus were precipitated by adding a few drops of ammonium 
sulphide to the filtrate and thus estimated, whilst any traces of 
alumina and iron contained in the sine oxide were determined and 
subtracted (after weighing) by dissolving in hydrochloric acid and 
supersaturating with ammonia. Usually these various filtrate and 
other oorreotions were all but infinitesimal: the analyses generally 
added up to 99*8 to 99*9 per cent., and the percentages finally quoted 
are usually reckoned upon the Bum of the tin, lead, and sino found 
as 100; in some cases, more especially with the lighter alloys, the tin 
and lead only were determimed, the sino being taken by difference. 

Forty compound ingots (20 in each series) thus treated gave 
numbers ooncording together reasonably well, furnishing the follow¬ 
ing averages; in several oases duplicate ingots were prepared, the 
mean values being those quoted. 


Series I.—Temperature near 565°. 


Heavier alloy. 

Lighter alloy. 

Eicee* of tin 
percentage in 
lighter alloy 
over that in 
heavier. 

Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zinc. 

0 

9870 

1*30 

0 

1*10 

98*90 

0 

1-79 

96-86 

1*85 

2*49 

1*80 

96*71 

0*70 

4-67 

93*69 

1-64 

7*31 

8*17 

89*52 

2*64 

7*66 

86-77 

8-67 

10*97 

4*07 

84 86 

8*81 

8*99 


2*97 

18*04 

5-70 

81*26 

4*06 

IS *16 

84*10 

8*66 

16*50 

6*28 

77-82 

4*85 

10*06 

78*98 

4*86 

80*68 

7-10 

78-87 

8*97 

18*10 

76*i a 

5*88 

21*76 


70*95 

3*86 

21*86 

71-84 

7 30 

24*09 

8*68 

67*38 

2*78 

26*81 

61*38 

12*86 

26*28 

9*92 

68*80 

0*47 

29*60 

64*90 

36*60 

27*91 

10-96 

61*14 

-1*69 

88*69 

46*06 

21*26 

29*68 

18*49 

66*80 

-4*01 

84*98 

49-87 

24*66 

29*84 

14*26 

66*90 

-5*09 

89-86 

88-88 

27*90 

84*67 

80-18 

86*81 

— 


la each series the last mixture yielded so thin, a layer of lighter 
alloy that it waa impossible to saw off a mxnple free from admixture 
with a large amount of heavier alky. 
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Series II.—Temperature near i 


Heavier alloy. 

Lighter alloy. 

Xxeeae of tin 
percentage in 
lighter alloy 
over that in 
heavier. 

Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zinc. 

4-67 

93*44 

1*89 

6*91 

2*90 

90*19 

2 24 

8*79 

89 61 

1*60 


4*60 

82*90 

8*81 

14 '38 

80*65 

4*97 

18 *88 

6*14 

76*68 

3*84 

15*6*? 

79*84 

6*10 

19*06 

0*86 

78*68 

4*80 

10*26 

74*80 

6*96 

82*70 

8*89 

68*91 

8*45 

88'80 

66 89 

10-81 

26*04 

9*69 

64*87 

2 74 

26*00 

62*80 

18-70 

26*42 

9*81 

68*77 

1*42 

26*88 

68*16 

15*16 

87*64 

10*60 

61 86 

0*96 

28*69 

55*16 

16*26 

28*28 

12*10 

69*67 

-0*36 

81 *11 

49*92 

18*97 

27*70 

11 *68 

60*66 

-3*86 

88*24 

44*80 

21*96 

28*73 

12*68 

68*74 

-4*51 

84*00 

87*67 

27*34 

29*80 

14*45 

66*36 

-5*70 

86*48 

88*68 

29*84 

34*60 

29*79 

85*71 

—■ 


Besides these forty ingots, however, a number of others were 
obtained, yielding numbers on analysis not agreeing at all well with 
the forty, more especially as regards the lighter alloys. In all cases 
the figures were just such as would be obtained if complete separation 
by gravitation had not taken pl&oe, so that tbe lighter alloy retained 
a little of the heavier one disseminated through it, and vice vered; 
just as when ether and certain aqueous liquids are agitated together, 
a kind of froth formB, which takes a long time before it entirely 
separates, forming two clear liquids. As the experiments subsequently 
detailed render it certain that these abnormal ingots were simply 
cases where the separation was imperfect, the figures obtained with 
them are not included iu the above tables, but it is obvious that this 
same source of error may have applied to a lesser extent even to some 
of the forty ingots not rejected. No doubt this was actually the case 
in some instances, on which account the curves obtained on plotting 
the above figures show a oertaia amount of sinuosity and irregularity. 
The error from this cause, however, as subsequently shown, is not 
serious) so that the concordance between the curves got from the two 
series of analyses respectively is sufficiently marked to show that no 
very considerable influence is exerted by a difference of temperature 
amounting to some 124°, on the way in which a given mass of lead, 
tin, and sine divides itself on standing molten. 

Three noteworthy curves are thus obtainable:— 

(a.) When the tin percentages in the heavier alloy are plotted aa 
abscissae and the sine percentages as ordinates. 
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(b.) Whan the tin percentages in the lighter alloy arc plotted as 
abscissa and the lead percentages as ordinates. 

(c.) When the tin peroentages in the heavier alloy arc plotted as 
abscissas and excesses of the percentage (+ or —) in the lighter alloy 
over those in the heavier one as ordinates. 

These three curves respectively represent approximately the sola* 
bility of sine in lead containing tin and that of lead in sine containing 
tin, and the relative distribution of tin in the two alloys formed 


simultaneously. Fig. 1 represents the two curves of the first kind 
plotted respectively from Series 1 and Series II, the continuous line 
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representing the first and the dotted line the second. Fig. 2 repre- 
sents the corresponding curves of the second kind, and fig. 3 those 
of the third kind. Obviously, in each case there is little difference 
between the continuous and dotted lines, so that it may be fairly 
conoluded that the effeot of variation in temperature from 565° to 
689° is negligible as compared with the experimental errors, more 
especially those due to imperfect separation by gravitation of the two 
alloys from one another. 

The curves representing the distribution (fig. 3) are remarkable. 
As long as the tin percentage in the total mass is less than about six¬ 
teen the lighter alloy contains more tin than the heavier one; at 
about this point (representing some 14 per cent, in the heavier and 
18 per oent. in the lighter alloy) the difference becomes a maximum 
after which the difference diminishes, until at about 28 per cent, the 
same percentage of tin is oontained in both alloys. After this the 
heavier alloy contains more tin than the lighter, the difference con¬ 
tinually increasing. 

Causes retarding Separation of Lighter and Heavier Alloy . 

Before proceeding farther we thought it desirable to trace out the 
causes rendering separation incomplete, even after some hours' 
standing. At first we attributed it to the influence of traces of im¬ 
purities in the metals used, but on repeating the observations in 
pipe-bowls with the purest samples of each metal obtainable, we still 
occasionally got irregular results, showing that this was not the sole 
cause. Next we thought that the error might be due to the partial 
formation of euteotie alloys during solidification, in snob a way that 
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the portions of the ingots analysed did not truly repre s ent the com- 
position of the lighter and heavier alloys whilst molten. To avoid 
this we devised an arrangement whereby we oould draw samples 
from the molten mass whilst still fluid. This consisted of a crucible 
holding some 500 to 600 gzams of molten alloy, with a hole drilled 
through the bottom, closed by a conical plug worked up and down by 
means of a screw and lever. At the required moment, by turning the 
lever the plug could be slightly raised by the screw, so that a little of 
the lowest layer of molten metal escaped through the valve thuB 
opened into an ingot mould placed to receive it. Simultaneously the 
top layer of molten metal could be sampled by a hot porcelain spoon. 
The crucible was surrounded by a cylindrical clay jacket to keep in 
the heat, which was supplied by a number of bunsen burners arranged 
so as to form a ring of flame between the orucible and jacket. Ap¬ 
parently there was no reason whatever why this arrangement should 
not work successfully; but in practice we did not succeed in getting, 
by its means, any results at all on which reliance could be placed. 
The analyses indicated that instead of this arrangement giving more 
complete separation than the pipe-bowls, it hardly ever gave so com¬ 
plete a one; on drawing samples at different times, instead of the 
separation gradually becoming more perfeot as time elapsed, the 
opposite was often the case, some intermixing influence being ap¬ 
parently at work, which frequently was more powerful than the 
effect of gravitation in causing the lighter and heavier alloys to 
separate from one another. For instance, the following numbers were 
obtained in one experiment, indicating very incomplete separation as 
compared with the pipe-bowl results 


Time. 

Heavier alloy. 

Lighter alloy. 

Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zino. 

5 hours.... 
10 .... 

15 01 
14*30 

76-60 

74*86 

8-89 

10-76 

18-19 

18-27 

12*69 

20*86 

69*12 

60*87 


In another case no sensible separation at all was brought about 
after either four or eight hours with a mixture that separated readily 
when fused in a tall narrow crucible. 

These particular two experiments are extreme cases as to irregu¬ 
larity; hut still, in almost every instance, the figures obtained with 
the valve crucible were such as to show that the separation of heavier 
and lighter alloys from one another therein was extremely imperfect. 
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Top. 

After 4 hours. 

After 8 hours. 

Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zinc. 

26 *30 

26 *71 

24-48 

24-n 

BO-22 
40-68 

26*30 

26 *82 

24*16 

25 *02 

49*30 

40*10 

Bottom. •,». 


Tall narrow Crucible: 8 hours. 


Top... 
Bottom 


Tin. 

Load. 

Zinc. 

27*83 

9*81 

62*36 

26*63 

62 *39 

11 *98 


In these cases it was clear that the formation of eutectic alloys during 
solidification was not the cause of the irregularities observed, whence 
presumably the same is truo for the less irregular results obtained 
with the pipe-bowls. Ultimately we tracod the cauB© to convoction 
currents set up through unequal heating of the walls of the contain¬ 
ing vessels at different levels, and found that the imperfect separation 
could be almost completely obviated by so heating the mass as to 
avoid this inequality of temperature. This we ultimately effected by 
employing crucibles very long in proportion to their diameter (laxgo 
test-tubes moulded on a core from a plastic mixture of fireclay and 
syrnpy silicate of soda, diluted with about three times its weight of 
water), heated by immersion in a bath of molten lead some 8 or 9 
inches deep, contained in an iron cylindrical vessel (the lower two* 
thirds of a mercury bottle), surrounded by a concentric clay jacket 
and heated by a number of bunsen burners playing into the annular 
interspace. The molten metals being well intermixed in a crucible 
(with a little potassium cyanide), the mixture was poured into a red- 
hot clay test*tube, which w&6 then quickly transferred to the hot lead- 
bath, the mouth of the tube being covered with a heavy iron cap so as 
to depress the test-tube into the lead to such a depth that the top of 
the molten metal inside was some 2 inches below the surface of the lead 
in the bath whilst the tube was kept vertioal. Under these conditions, 
practically complete separation was always brought about after six to 
eight hours in the lead-bath. Usually soveral test-tubes were heated 
simultaneously. After the required time had elapsed they were care¬ 
fully lifted out without shaking, and set by to oool, still in a vertioal 
voii. xlv. 2 i 
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position. To diminish oxidation, a reducing atmosphere was main¬ 
tained in the upper part of the lead*bath by covering it loosely with a 
lid and passing a jet of coal-gas inside. In some few instances the 
test-tubes were not weighted down with iron caps, so that the level of 
the metal inside was above the top of the lead; under those circum¬ 
stances the upper part of the metal was largely heated by convection, 
and in all suoh cases it was found that the lighter alloy retained some 
of the heavier alloy interspersed through it, the convection currents 
preventing complete separation by gravitation. Thus, for example, 
two similar mixtures, containing about 23*5 per cent, of tin, were 
heated simultaneously for eight hours, one completely depressed so as 
to avoid convection currents, the other raised so as to ensure their 
production, with the following results:— 



Heavier alloy. 

Lighter alloy. 


Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zinc. 

Soprpuod •«• • 

22-32 

69*84 

7-84 

25-71 

8*84 

65*44 

Raised. 

22-60 

68*89 

8*61 

24*16 

17*44 

58*40 


The figures obtained with the depressed tube are perfectly normal 
{vide infra), whilst those obtained with the other are such as to show 
that, owing to the oonvection currents set up, a little of the lighter 
alloy was still intermixed with the heavier, whilst a considerable 
amount of the heavier one was interspersed throughout the lighter 
one. 

Lead-bath Observations . 

As a check on the curves above described obtained with pipe-bowls, 
we made another Bimilar series of observations with mixtures contain¬ 
ing equal quantities of lead and tine and varying proportions of tin, 
employing clay test-tubes heated in a lead-bath. The temperature of 
the bath was ascertained from time to time by heating a bundle of 
thick platinum rods in a day test-tube iu the bath and transferring it 
to the calorimeter; the temperatures thus observed lay between 610° 
and 710°, with an average of 646° for the whole series of ingots, 
twenty-two of whioh were prepared, not one giving any markedly 
abnormal results on analysis. The following figures wero obtained, 
several of the ingots being duplicates and the mean figures being 
quoted. In all cases the time during which the mass remained molten 
was about eight hours. 
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Series III.—Lead-bath. Temperature near 646°. 


Heavier alloy. 

Lighter alloy. 

Exceta of tin 
percentage in 
lighter alloy 
over that in 
heavier. 

Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zinc. 

0 

98*70 

1*80 

0 

1*17 

98*83 

0 

4-77 

93*67 

1*66 

7*17 

2-17 

90-66 

2-40 

6*42 

91-06 

1*62 

9‘81 

2-78 

87*41 

8*89 

fl-88 

87-70 

2*45 

13-36 

3*49 

83*15 

3*51 

18 *06 

83-70 

3*24 

17*18 

4*04 

78-88 

4*07 

13-77 

82*42 

3-81 

1887 

4*64 

77 09 

4*60 

IB *30 

79-00 

4-80 

19*61 

5*29 

76-10 

4*31 

22'82 

69*64 

7 84 

25*72 

8*84 

65*44 

3*40 

26*99 

60*08 

12*93 

28*22 

10*49 

61*29 

1*23 

28*57 

66*51 

14*92 

28*56 

11*63 

69*82 

-0*02 

80*87 

62*47 

16*66 

28*90 

11*66 

69*44 

-1*98 

32*86 

46*94 

20*20 

80*13 

13*19 

56*68 

-2*78 

84*76 

42*43 

22*81 

80*19 

13*80 | 

66*01 

—4*57 

85*38 

40*07 

i 

24*55 

29*76 

13*81 

56*43 

-6*63 


On plotting these numbers as beforo, it is at once evident that the 
curves thence obtained differ but little from those obtained in Series 
I and II, excepting in being more regular, what differences exist being 
such as are obviously due to the more nearly complete separation now 
obtained in all cases; whence it may reasonably be inferred that the 
conclusion previously arrived at is correct, viz., that a variation in 
temperature between 565° and 689° makes practically no difference in 
the way in which a given mass of metal divides itself on standing 
molten. This conclnsion is corroborated by the results described 
below, obtained with two other series of mixtures containing lead and 
zinc in the proportion 1 to 2, in the first of which a mean temperature 
elose to 650° was employed, and in the Becond a temperature about 
100° higher; the curves deduced from the two serios respectively 
differing from one another only by amounts barely, if at all, outside 
the limits of experimental error. 

Experiments with Lead and Zinc in Unequal Proportions . 

We next made several series of observations with lead and zinc in 
unequal proportions and varying quantities of tin, with the object of 
finding out how for the distribution of tin between the two resulting 
alloys is influenced by the relative masses of metals present. If the 
alloys formed when completely separated from one another are re* 
spectively saturated solution of zinc in lead containing tin (bottom) 
and saturated solution of lead in zinc containing tin (top), it should 
result that the two first curves obtained as above described will be the 

2 x 2 
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same no matter what may be the relative proportions of zinc and load 
in the total mass; and this, in point of fact, wo find to be the oase. 
But it does not follow therefrom that with a mass of metal containing 
a per cent, of tin the same pair of alloys will be obtained, no matter 
in wbat relative proportions the zino and lead may exist in the re- 
m&ining 100 —x per cent,; and, in point of fact, we find not only that 
a different pair results for each variation in the relative proportions of 
sine and lead in suoh a case, but, f urthor, that the curves representing 
the relative distribution of tin in the two alloys are not tho same for 
all proportions between sine and lead in tho total mass. When zino 
predominates the curve rises less rapidly, tho maximum difference in 
tin percentage is attained later, and tho point of equal distribution of 
tin throughout the entire mass lies further from the origin than when 
the zino and lead are present in equal proportions in the entire mass; 
and vice versd when lead predominates. 

Thus the following values were obtained from a series of sixteen com¬ 
pound ingots, prepared in the lead-bath at an average temperature of 
close to 650°, the masses remaining fused for about eight hours in each 
case, the proportions between zino and load in the metals weighed up 
being uniformly 2 to 1. 


Series IV.—Zinc double the Lead present. Temperature near 680°, 


Heavier alloy. 

Lighter alloy. 

Excess of tin 
percentage in 
lighter alloy 







over that in 

Tin. 

Lead. 

Zino. 

Tin. 

Lead. 

Zino. 

heavier. 


98-78 

1-22 

0 

mm 

98-92 

0 

3 87 

94-39 

1-94 

mwm 

2 21 

92-62 

1-50 

7-70 

90*22 


BT1 


86-79 

2-59 

mm 

86-42 

2-77 

■IKH 

3-71 

81-55 

3-98 

14*85 


3-75 

19-48 

5*22 


4-88 

16« 

79*24 


21 00 

6-97 

78-94 

4-73 

18 79 


6-59 

28 07 

6 87 

70-26 

4-28 

80 19 

74-03 

5*78 

24-11 

6-98 

68-91 

3-92 

25 -63 

62‘39 

11 *98 

27-83 

9-81 

62*36 

2-20 

KX7S 

64-76 

16-64 

26-80 


60-44 


30*58 


18-41 

29-39 

11-82 


— t * 19 

•. 


,, 

29-80 

12-24 

67-96 

• • 

IEO 

44-21 

22-30 

31 *35 

13-56 

65*10 

-2 14 

36*34 


27-80 

32-03 

15-67 

58-40 

—3 *81 


A similar series of eight ingots at a higher temperature, close to 750°, 
gave the following resalts 
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Series V.—Zino double the Lead present. Temperature near 750°. 


Heavier alloy. 

Lighter alloy. 

Exceu of tin 
percentage in 
Lighter alloy 







over that in 

Tin. 

; Lead. 

i 

Zino* 

Tin. | 

Lead. 

Zinc. 1 

heavier. 

5*96 

92 10 

1*94 

8*53 

3*18 

88-29 

2*57 

10'76 

86*29 

2*95 

14-87 

3-6t> 

81*44 

4*11 

16*68 

78-48 

4*99 

20*44 

6*00 

78*56 

8*86 

22*57 

70-70 

6*64 

25*41 

7-05 

67-64 

2*84 

29*41 

52*76 

17 *84 

29*84 

11-71 

58*95 

-0*07 

81*95 

46*78 

21*82 


18-40 

66*49 

-0*93 

84 *24 

42*28 

28*48 

livM 

18-74 

64*56 

-2*54 

84*78 

40*28 

24*99 

HI 

16-21 

52*63 

-2*62 


On plotting these two serieB it is obvious that the curves are prac* 
tically identical in both cases; indicating, as above shown, that little, 
if any, sensible difference is brought about by a considerable tem¬ 
perature variation in the way in which a given mass of metal divides 
itself on standing. On the other hand, whilst the solubility ourves of 
zino in lead-tin and of lead in zinc-tin thence derived are sensibly the 
same as those derived from Series III, the tin distribution curves are 
by no means identical therewith, especially with the highest tin per¬ 
centages. 

Another series of mixtures was then prepared with zinc and lead in 
the proportions 1 to 2. The following values were obtained from 
twenty ingots fused about eight hours at a temperature close to 050°. 


Series VI.—Lead double the Zinc present. Temperature near 650*1 


Heavier alloy. 

Lighter alloy. 

Rxcete of tin 
percentage in 
lighter alloy 
over that in 
heavier. 

* 

Tin. 

Lead. 

Zino. 

Tin. 

Lead. 

Zino. 

0 

96-86 

1-14 


1*22 

98-78 

0 

6*88 

92*82 



2*25 

89*55 

2-82 


89*03 

1*91 

12*44 

8-86 

84*20 

8*88 

U-27 

86*28 


14*94 

8*92 

81*14 

8*67 

mjvjM 

80*78 

3*82 

18*70 

5*19 

86*11 

3*80 

19*92 

74-11 

6*97 


1 * • 

* * 

«• 

21*24 

71 *70 


23*92 

7*88 

69*80 

2*08 

82'78 

68-86 

8-87 

24*21 

7-80 


1*48 

25*28 

64-03 

10*72 

25*81 

8-80 


-0*08 

26*48 

68-86 

14*56 

24-67 

7-96 


^1*81 

29*66 

64-99 

16*86 

25*08 

8-20 


-4-68 

81*08 

60*92 

18*06 

25*40 

6-70 

EH 

-6*62 
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. On plotting these numbers it becomes evident that whilst the solu¬ 
bility curves of zinc in lead-tin and of lead in zino-tin thence derived 
are sensibly identical with those obtained from Series III, IV, and Y, 
the tin distribution curve is different from either of those obtained 
with zinc and lead in the proportions 1 to 1 and 2 to 1. 

Fig. 4 represents the mean solnbility curves (I) for zinc in lead-tin, 
(2) for lead in zinc-tin. derived from all the foregoing observations 
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made in the lead-bath, theabsoiss© being in each case tin percentages, 
and the ordinates zino percentages for curve No. 1, and lead percent¬ 
ages for curve No. 2. The two curves are not widely different at first, 
but latterly curve No. 1 distinctly overlies No. 2. 

Fig. 5 represents the mean tin distribution curves derived fromtbe 
preceding observations, No. 1 being that derived from the experiments 
where the zino present was double the lead, No. 2 where the two 
metals were in equal proportions, and No. 3 where the lead was 
double the zinc. The maxima obtained correspond respectively with 
the ordinate values 4'7, 4*6, and 8*7, and are situated at about tho 
abscissa values 15, 14, and 12 respectively. The crossing points 
(points of equal tin distribution as regards weight percentage through 
the mass) are respectively dose to 29*0, 28*5, and 25*2 per cent, of tin. 
The gradient of rue towards the maximum and of fall subsequently 
below the crossing point is steepest in curve No. 3 and least steep in 
No. 1. 

The following tables contain the mean values graphically repre¬ 
sented by these ourves. 


Solubility of Ziuo in Lead-tin. 

Solubility of Lead in Zinc-tin. 

Per cent, 
of tin. 

Per oent. 
of xino. 

Different*. 

Per cent, 
of tin. 

Per oont. 
of lead. 

Difference. 

0 

2 

4 

0 

8 

10 

12 

M 

16 

IS 

90 

22 

24 

26 

28 

20 

22 

84 

86 

i 

1 '24 

1 *44 

1 *65 
1-89 
2*16 
2*46 
2*86 

3*4 

4'1 

6*0 

6*1 

7*6 

9*26 

11*26 

14*5 

17*0 

19*76 

28*0 

27*0 

1 



0*33 

0*33 

0*33 

0*33 

0*34 

0*84 

0*36 

0*40 

0*6 

0*8 

1*0 

1*2 

1*4 

2*16 

2*76 

l 

i 
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Tin Distribution Curves. 


Percentage of 

Excess of tin percentage in lighter alloy over that in heavier. 

tin in heavier 
alloy. 

Zino double the 
load. 

Equal. 

Lead double the 
sine. 

2 

0-8 

Difference. 

0*8 

0*9 

Difference. 

0*9 

1*1 

Difference. 

1*1 

4 

1*6 


1-8 

0*9 

2*2 

1*1 

6 

2*4 


2-7 

0*9 

2*9 

0*7 

* 8 

3*1 

0*7 

3*4 

0*7 

3*8 

0*4 

10 

3*7 

0*6 

3*9 

0*6 

8 65 

0*26 

12 

4*2 

0*5 

4*36 

0-45 

3*7 

0*15 

14 

4*65 

o as 

4*6 

0*25 

3'56 

- 0*15 

16 

4*7 


,, 

,, 

, , 

* a 1 

16 

4*55 


4*36 

- 0*25 

3*3 

- 0*25 

18 

4-2 

- 0*35 

4*0 

— 0 *35 

3*0. 

- 0*3 

20 

3*75 

—0 *45 

3*6 

- 0*4 

2*6 

- 0*6 

22 

3*1 

- 0*65 

3*0 

- 0*6 

1*75 

- 0*76 

24 

2*3 

- 0*8 

2*2 

- 0*8 

0 76 

- 1*0 

25 *2 

,, 

e a 

., 

4 9 

0 

ft « 

26 

1*4 


1-3 

- 0-9 

- 0*8 

— 1 *66 

28 

0*46 

isWiffTwl 

0-25 

- 1*05 

- 2*7 

- 1*9 

28'5 

,, 

• • 

o 

• e 

• 9 

# , 

29 

0 

• • 

• • 

a • 

a e 

ft a 

30 

—0 *5 

- 0*96 

-1 *10 

-1 *35 

-4*9 

— 2*2 

32 

- 1*5 

-10 

- 2*66 

- 1*56 

• • 

a a 

34 

—2 *5 

- 1*0 

-4*33 

- 1*67 

• t 

e a 

36 

—3 *6 

-10 

- 6*0 

1 

- 1*67 

• • 

• a 


Miscibility of Lead a/nd Zinc in the Absence of Tin . 

It is worth noticing that four sets of ingots bave been examined 
above, with the following results:— 



Heavier alloy. 

Lighter alloy. 


Lead. 

Zino. 

Lead. 

Zino. 

Pipe-bowl... 

HI 


1*10 

98*90 

Lead-bath, sine double the load. 

tlil 


1*08 

98*92 

» «qnal. 



1*17 

98*83 

„ lead double the sine. 

98*86 

1*14 

1*22 

98*78 

Mean.j 

88*78 

1*24 

1*14 

99*86 


These values are somewhat lower as regards the sine dissolved by 
lead, and vice versd, than the figures given by Matthiessen and 
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v. Bose (foe. cit supra), which lead to the percentages 162—179 of 
zinc in heavier alloy, mean = 1*67; and 1*17—1*22 of lead in lighter 
alloy, mean = 120. Obviously this arises from the fact that the 
method of working adopted by Matthiessen and v. Bose did not allow 
of so complete a separation taking place as was effected in our experi¬ 
ments, as they employed a far shorter time. 

Variation in mean Composition through Oxidation and Volatilisation . 

In melting and mixing together the metalH employed, it is quite 
impossible to avoid some loss by oxidation, even when a luminous gas 
flame is directed into the crucible so as to maintain a reducing 
atmosphere therein. Moreover, some amount of volatilisation, espe¬ 
cially of zinc, takes place, owing to prolonged heating at 650—750°. 
A number of observations made with mixtures that did not separate 
into two alloys showed that the total quantity of tin in the final ingot 
is but littlo, if at all, less than that originally weighed up; some lead 
is lost and more zinc, roughly averaging about twice as much as the 
lead. The total amount of loss, however, even after eight hours* 
heating, is not very great; as a rule, ingots were made for which 
about 80 grams of total metal were weighed up; the weight of final 
compound ingot was generally near to 77 grams (excluding mechanical 
losses during stirring and transference to the clay test-tubes), about 
3 grams representing the loss by oxidation and volatilisation. In a 
few cases a larger amount of oxidation took place, but comparatively 
rarely with careful handling. The result of this action is to cause an 
increment in tho mean percentage of tin in the mass to the extent of 
something like one twenty-fifth of its value (i.e., a mass originally 
containing 25 per cent, of tin will ultimately contain about 26). 
Simultaneously the ratio of zinc to lead is altered; only to a small 
extent if these metals were originally in the proportion of 2 to 1, 
but relatively more if the zinc were present to a lesser extent. 

In the foregoing experiments the proportions subsisting between 
zinc, lead, and tin referred to are uniformly those in which the metals 
were weighed up for use , and consequently not quite the same as those 
actually subsisting in the compound ingots finally obtained; those 
latter probably contained zinc and lead in ratios near to 2 to 1,0*96 to 
1, and 0*46 to 1, respectively, on the average. 

Summary of BesuUs* 

When a mixture of lead, tin, and zinc in the molten condition is 
well stirred up by mechanical means and then left to itBelf for some 
hours at as nearly as possible a uniform temperature, a single homo¬ 
geneous alloy results if the proportion of tin present is not less than 
three-eighths of the whole; but if materially less tin than ibis is 
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present, the mass divides itself into two different ternary alloys, lead 
predominating in the heavier one and sino in the lighter one. This 
phenomenon is entirely distinct from the segregation of alloys during 
solidification, in consequence of formation of eutectic or other differ¬ 
ently fusible alloys. 

If there is little or no inequality of temperature at different parts 
of the mass, separation by gravitation only is complete in a few hours, 
at any rate when tolerably pure metals are employed; but if the 
mode of heating is such that convection currents are set up, the 
separation is greatly interfered with, and in extreme oases almost 
entirely prevented. 

The heavier alloy is a saturated solution of sino in load containing 
tin, and the lighter one a similar solution of lead in sino containing 
tin. No matter what the relative proportions between lead and zinc 
in the original mass, the two alloys always correspond to two conju¬ 
gate points on the solubility curves of zinc in lead-tin and of lead in 
zinc-tin. 

But little, if any, difference in the way in which a given mass 
divides itself is noticeable, whether the temperature at which the 
molten mass is maintained is below 600° C. or above TOO 0 0. 

The tin contained in the mass does not distribute itself equally in 
the two alloys except when present in one particular proportion, 
which varies with the ratio of the zinc to the lead in the entire mass. 
With less tin than this the lighter alloy, and with more the heavier 
one, takes up the higher percentage of tin. 

Curves drawn representing the tin present in the heavier alloy as 
abscissa), and the (+ or —) excess of tin in the lighter alloy over 
that in the heavier one as ordinates, aro found to differ with the ratio 
of zinc to lead in the entire mass. They always possess the same 
general features, viz., rising from the origin to a maximum elevation, 
then sinking down again to the base line, and crossing it so as to 
become negative; but the position and height of the maximum, tho 
crossing point, and the general dimensions of the curve vary with the 
ratio of zinc to lead in the mass. 

As a result of this, whilst an indefinite number of different mix¬ 
tures may be prepared, each one of which will give the same heavier 
alloy, the lighter alloy simultaneously formed will be different in each 
case; and conversely. 

When no tin is present, lead dissolves zinc to such an extent as to 
form an alloy containing 1*24 per cent, of zinc, and zinc dissolves lead 
forming an alloy containing 1*14 per cent, of lead; the higher values 
found by previous observers being slightly incorrect through imper¬ 
fect separation. 

Before attempting to theorise on the causes leading to the remark* 
able way in which tin is distributed in these ternary alloys, we desire 
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to accumulate additional data derived from the examination of other 
parallel cases, saoli as the ternary alloys obtained by adding tin to 
the immisoible pairs of metals, zino and bismuth, aluminium and 
lead, and aluminium and bismuth; or by similarly employing other 
metals instead of tin, Nothing abnormal appears to characterise the 
solubility carves of zinc in lead-tin and of lead in zinc-tin; in each 
case the amount of one metal dissolved by the other increases as the 
quantity of tin present increases, in such a way that the curves arc 
somewhat concave upwards. 


IV. “The Diurnal Variation of Terrestrial Magnetism.” By 
Arthur Schuster, F.R.S., Professor of Physics, with an 
Appendix by H. Lamb, F.R.S., Professor of Mathematics, 
Owens College, Manchester. Received March 20,1889. 

(Abstract.) 

In the year 1839 Gauss published his celebrated Memoir on 
Terrestrial Magnetism, in which the potential on the earth's surface 
was calculated to twenty-four terms of a series of surface harmonics. 
It was proved in this memoir that if the horizontal components of 
magnetic force were known all over the earth the surface potential 
could be derived without the help of the vertical forces, and it is well 
known now how these latter can be used to separate the terms of the 
potential which depend on internal from those which depend on 
external sources. Nevertheless, Gauss made use of the vertical 
forces in his calculations of tlio surface potential, in order to ensure 
a greater degree of accuracy. He assumed for this purpose that 
magnetic matter was distributed through the interior of tho earth, 
and mentions the fair agreement between calculated and observed 
facts as a justification of his assumption. In the latter part of the 
memoir it was suggested that the same method should be employed 
in the investigation of the regular and secular variations. 

The use of harmonic analysis to separate internal from external 
causes has never been put to a practical test, but it seems to me to 
be specially well adapted to inquiries on the causes of the periodic 
oscillations of the magnetic needle. 

If the magnetic effects can be fairly represented by a single term 
in the series of harmonics as far as the horizontal forces are con¬ 
cerned, there should he no doubt as to the location of the disturbing 
cause, for the vertical force should be in the opposite direction if the 
origin is outside from what it should be if the origin is inside the 
earth. As the expression for the potential contains in one case the 
distance from the earth’s centre in the numerator, in the other case 
in the denominator, and as the vertical force depends on the difie- 
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rential coefficient with regard to the distance from the earth to the 
centre, each single term in the series is of opposite sign according to 
the location of the cause; but what is true for each single term need 
not be true for the sum of the series. By a curious combination of 
terms the vertical forces might possibly be of the same sign on 
whichever of the two hypotheses it is calculated. In any case, how* 
ever, the differences between the two results will be of the some 
order of magnitude as the vertical force itself. If it were then a 
question simply of deciding whether the cause is outside or inside* 
without taking into account a possible combination of both causes, 
the result should not be doubtful, even if we have only an approxi¬ 
mate knowledge of the vertical forces. 

Two years ago I showed that the leading features of the horizontal 
components for diurnal variation could be approximately represented 
by tbe surface harmonic of the second degree and first type, and that 
the vertical variation agreed in direction and phase with the calcula¬ 
tion on the assumption that the seat of the force is outside the earth. 
The agreement seemed to me to be sufficiently good to justify the 
conclusion that the greater part of the variation is duo to causes 
outside the earth’s surface. Nevertheless, it seemed advisable to 
enter more fully into the matter, as in the first approximate treat¬ 
ment of the subject ajnumber of important questions had to be left 
untouched. I now publish the results of an investigation which has 
been carried out, as far as the observations at my disposal have 
allowed me to do# My'original conclusions have been fully confirmed, 
and some further information has been obtained, which I believe to 
bo of importance# 

I have mode use of the observations taken at Bombay, Lisbon* 
Greenwich, and St# Petersburg. The horizontal components of the 
diurnal variation during the year 1870 were in the first place reduced 
to the same system of coordinates and to the same units. If we 
remember that experience has shown the diurnal variation to be very 
nearly the same for places in the same latitude, except near the 
magnetic pole, and also that it is symmetrical north and south of the 
equator, we may for a given time of day assume the horizontal 
components known over eight circles of latitude, four of whioh are 
north and four south of the equator. If we chose the period of the 
year for which the reduction is made to be that corresponding to the 
summer months in the northern hemisphere, we must take the 
variation in the southern hemisphere to be the same as that found 
during the winter months north of the equator. This was done in 
one part of the inquiry; in the other the mean of the whole year was 
taken, and in that case the same values hold north and south of the 
equator, with the same sign for the force towards geographical north, 
and opposite sign for the force towards the geographical west. 
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From the horizontal components the potential was calculated in 
terms of a series of surface harmonics. It was found that in order 
to represent both the summer and the winter effect with sufficient 
accuracy thirty-eight terms were necessary. In this calculation the 
vertical forces were not made use of at all. 

Unfortunately we do not possess completo records for the vertical 
force variation during the year 1870, except at Lisbon; but the type 
of that force is very nearly the same from year* to year, varying only 
slightly in amplitude. It is shown that, as far as the conclusions 
drawn in the paper are concerned, an accurate knowledge of the 
amplitude of the vertical force is not required. I have chosen for 
comparison the vortical force of Bombay in the year 1873, and for 
Greenwich in 1882. As regards St. Petersburg, vertical force records 
exist for 1870, but they have not been corrected for temperature 
variations of the magnet, and are therefore of doubtful importance. 
I have therefore used the St. Petersburg observations for 1878, in 
addition to those for 1870. 

From the potential, as calculated from the horizontal components, 
we can deduce the vertical force, either on the assumption that the 
variation is due to an outside cause, or that it is due to an inside 
cause; and compare the vertical forces thus found with the vertical 
forces as actually observed. 

If we put both into the form 

r M cosn (*—k), 

we can obtain an idea of the agreement as regards amplitude and 
phase for each harmonic term. The following tables give the results 
for n = 1 and n * 2, that is, for the diurnal and the semi-diurnal 
variation. 


Table I. 

Observed and calculated Values of the Coefficients ^ and £ a of Vertical 
Force, when expressed in the form r x cos cos 2 (f—*j)» on 

the supposition that the Disturbing Force is inside the Earth. 


Bomb&y .. 

Lisbon. 

Greenwich. 

St. Petenbutg, 1870. 

.. 1878. 


/ a . 

Calc. 

Obs. 

Diff 

Calc. 

Obs. 

Biff. 

h, m. 
28 02 
22 86 
22 06 
21 16 
• • 

h. m. 
11 18 
10 40 

8 42 

8 10 

7 05 

h. m. 

+ 11 40 
+ 11 68 
-11 57 

- 6 64 

- 9 49 

h. m. 

9 65 
11 42 
11 32 
10 48 

h. m. 

4 28 

5 60 

6 66 

7 06 

6 12 

h. m. 

+ 6 82 
+ 6 62 
+ 6 86 
+ 8 48 
+ 4 86 
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Table II. 

Observed and calculated Values of the Coefficients t and t 9 when 
expressed in the form, r x cos(f—i 2 ) +r a cos 2 (£W g ), on the supposi¬ 
tion that the disturbing force is outside the Earth. 





Cole. 


h. m. 

Bombny.. 

11 10 

Lisbon... 

10 37 

Greenwich.. 

10 03 

St. Petersburg, 1870. 

8 52 

„ 1878. 

•• 




In Table I the comparison of the observed phases is made with the 
values calculated on the assumption that the disturbing force is 
iiuide the earth. In Table II the same comparison is made on the 
alternative hypothesis. There is complete disagreement in Table I 
betweon the observed and calculated values, and nearly complete 
agreement in Table II. It is seen how both at Lisbon and Bombay 
the time of maximum displacement agrees within three minutes of 
time for the diurnal variation, and at Lisbon within four minutes of 
time also for the semi-diurnal variation. Considering that Lisbon is 
the most important station, not only on account of its geographical 
position, hut also because the observed vertical forces apply to the 
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Rome year or the calculated ones, the result is strikingly in favour of 
the outside force. The results for Greenwich argue in the some 
direction. Ab regards St. Petersburg, the results for 1870 neither 
agree with one nor with the other hypothesis, and it has already been 
mentioned that the observations for 1870 are doubtful, but the results 
for 1878 agree well with the hypothesis of an outside disturbing force. 

Table III gives the comparison for amplitude. It is seen that the 
observed amplitudes are throughout smaller than the c&lcnlatod ones. 
If curves aa*e drawn representing the results of Tables I, II, III, it is 
clearly seen how well the calculated vertical forces agree with the 
observed ones as regards phase, if we assume the cause of the varia¬ 
tion to be outside. 

If wo then take it as proved that the primary cause of this varia¬ 
tion comes to us from outside the earth's surface, we are led ro 
consider that a varying magnetic potential must cause induced 
currents within tho earth, if that body is a sufficiently good con¬ 
ductor. These induced currents might be the cause of the apparent 
reduction in amplitude. As my colleague, Professor Lamb, has given 
considerable attention to the problem of currents in a conducting 
sphere, I consulted him, and he gave me the formulas by means of 
which the induced currents can be calculated. His investigation is 
given in an appendix to the paper. The result is very interesting. 
If the earth is treated as a conducting sphere, the observed reduction 
in amplitude is accounted for, but that reduction should, be accom¬ 
panied by a change of phase which is not givon by observation. We 
can reconcile all facts if we assume, as suggested by Professor Lamb, 
the average conductivity of the outer layers of tho earth to be very 
small, so that the redaction in'amplitude is chiefly due to currents 
induced in the inner layers. If the conductivity inside is sufficiently 
large, a considerable reduction in amplitude would not be acoom- 
panied by a sensible change of phase. We have arrived, therefore, 
at the following result:— 

The vertical forces of the diurnal variation can Is accounted for if tee 
assume an outside cause of the variation , which induces currents in the 
tarth 9 md if the earth*s conductivity is greater in the lower strata than 
near the surface. 

Professor Balfour Stewart's suggestion that convection currents in 
the atmosphere moving across the lines of the earth's magnetic forces 
ore the causes of the daily variation, gains much in probability by 
this investigation. If the daily variation of the barometer is accom¬ 
panied by a horizontal current in the atmosphere similar to the 
tangential motion in waves propagated in shallow canals, and if the 
conductivity of the air is sufficiently good, the effects on our magnetic 
needles would be very similar to those actually observed. The 
difficulty as to the conductivity of the air is partly met by the author's 



486 Effective Scour in Drain-pipes, Presents, [Mar* 98, 

investigation of the behaviour of gases through which electric dis¬ 
charge! are passing. 

It will be interesting to follow out the investigation, especially 
with a view of examining the influence of sun-spot variation. The 
question of magnetic disturbances is more complicated, but as mag- 
netical observatories are being established in many countries, the time 
may not be far distant when we Bhall be able to bring the irregular 
disturbances witbin the reach of calculation. 

In order to facilitate the necessarily long computations, the author 
makes an appeal to the heads of magnetic observatories to reduce the 
regular variation according to the method adopted by Wild at 
St. Petersburg, or that in use at Greenwich, the two being nearly 
identical. The variations should also be reduced to the geographical 
coordinates, instead of to magnetic coordinates. 

The author acknowledges the help he has received from Mr. William 
Ellis in some of tho reductions; he has also to thauk his assistant, 
Mr. A. Stanton, for much labour bestowed on making and checking 
nmnorical calculations. 


V, “On the Conditions for effective Scour in Drain-pipes of 
Circular Section." By Henry Hknnessy, F.R.S., Professor 
of Applied Mathematics and Mechanism in the Royal 
College of Science for Ireland. Received March 1, 1889. 
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u The Spinal Curvature in an Aboriginal Australian.” By 
D. J. Cunningham, M.D. (Edin. and Dubl.), Professor of 
Anatomy in the University of Dublin. Communicated by 
Sir W. Turner, ,F.R.S. Received January 14,—Read Janu¬ 
ary 24, 1889. 

When the lumbar vertebra of a native Australian, or of several 
other low races of man, are placed in apposition, the centra form a 
curved column, with the concavity dirooted to the front. In other 
words, the bodies of the lumbar vertebra are not moulded as in the 
European, but are wedge-shaped in the opposite direction. This con¬ 
dition can be expressed and contrasted in the different races by 
formulating a Iwnbo-vertebrdl index. In calculating -this index the 
anterior vertical diameter of the vertebral body is taken as the standard, 
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and as equal to 100.* A lumbar vertebra, therefore, with an index of 
100, may be regarded as neutral; it is equally deep in front and 
behind, and can in no way contribute to the formation of a curve in 
the antero-posterior direction. A vertebra, on the other band, with 
an index of 100+, is shaped in a fashion unfavourable to the forma¬ 
tion of a curve with the convoxity directed forwards; its posterior 
vertical depth is greater than its anterior vertical depth. Again, a 
vertebra with on index of 100— is moulded in a manner favourable 
to the formation of a curve with the convexity looking forwards. It 
is deeper in front than behiud. 

In seventy-six European spines, and in seventeen spines of abori¬ 
ginal Australians, tho average indices obtained for the several lumbar 
vertebra were as follows:— 


Lumbo-vertebral Index. 



70 European*. 

17 Australian*. 

Lumbar vertebra 

I. 

100*1 

119-8 


II. 

101 *4 

113-0 

n 

Ill. 

97 a 

113 *6 

»» 

IV. 

03-5 

103*9 


V. 

81*6 

90*4 

Lumbo-vertebral index. 

95-8 

107*8 


Tho difference brought out by these figures is very marked. Indeed, 
in this respect the Europeans and Australians constitute the two 
extremes: no race shows an index lower than that of the European, 
and no race presents an index higher than that of the Australian. 

In the investigations which I made three years ago into the con¬ 
stitution of the lumbar curve in Man and the Apes, I was very early 
convinced that little could be learned regarding the diameter and 
dogree of the ourve from the lumbo-vertebral index. I was led to 
adopt this conclusion as the following facts became apparent:— 

1. In European spines a high index is not unfreqnently associated 
with a high degree of curvature. 

2. In the Chimpanzee, in which the lumbo-vertebral index is so high 

* ' Cunningham Memoir,' No. 2, Royal Irish Academy.— 14 T^e Lumbar Curve 
iu Man and the Ape*," by D. J. Cunningham, M.D. * Zoology of the Voyage of 
H.M.8. 11 Challenger," Part XLVII/—Sir Wm. Turner’* * Report on the Human 
Skeleton*, Part II," 67. 
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ns 117*5, the prominence of the lumbar curve exceeds that found in 
the European spine. 

3. In living Bushmen the bimbo-sacral 14 enscllure ” is much more 
marked than in the European. 

My views upon this point were expressed as follows:—“ From the 
differences exhibited by the bimbo-vertebral index, some might be 
inclined to argue that the European had assumed the erect attitude 
at a period antecedent to the low racos. Such a deduction would be 
altogether untenable. The difference in the form-adaptation of the 
lumbar bodies with reference to the curve in a European and in a low 
race can cosily bo explained when we reflect upon the difference in 
their habits. The European, who leads a life which rarely necessitates 
his forsaking the erect attitude except as an intermittent occurrence, 
and then for short periods, has sacrificed in the lumbar part of the 
vertebral column flexibility for stability . It is evident that the deeper 
the bodies of the vertebrae grow in front the more permanent, stable, 
and fixed the lumbar curve will become, and the more restricted will 
be the power of bending forwards at this region of the spine. The 
savago in whose daily life agility and suppleness of body are of so 
great an account, who is frequently called upon to pursue game in a 
prone position, and climb trees in search of fruit, preserves tho 
pithecoid condition of vertebrae in the lumbar region, and on account 

of this a superior flexibility of the spine must result. 

There is no reason to suppose that this condition is associated with a 
smaller degree of curvature in this region.” 

Still in the absence of fresh spines of the lower races, where the 
lumbar region, composed of combined vertebral bodies and inter¬ 
vertebral disks, could be examined, proof positive upon tho degree 
and character of the lumbar curve was wnnting. For more than three 
years I have made every endeavour to obtain tho vertebral column 
of a native Australian, Negro, Andaman, or Bushman. Through 
the kindness of my friend Professor T. P. Andorson Stuart, of 
Sydney University, I have at last succeeded in securiug tho spine of 
an Australian girl, aged sixteon. It was soht in a zinc box, in which 
it was packed with great skill and care. The curvatures were there¬ 
fore in no way interfered with, and it arrived in a very perfect con¬ 
dition. The erector muscles had been partially removed, but not to 
such an extent as to produce any material alteration in the flexures. 

The flatness of the dorsal curvature and the strongly marked 
cervical curve were the points in tho Australian spine which on 
cursory examination chiefly attracted attention. In other respects it 
was apparently little different from the vertebral column of a 
European. The strong backward bend of the cervical part was 
perhaps the most striking feature. The flexibility of this region of 
the spine and the strength and elasticity of the ligamenta subffava 
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were very remarkable, and altogether confirmed the view which 1 had 
formerly expressed upon this point from an examination of the cervical 
neural spines of the native Australian.* 

In order that precise information regarding the curvatures might 
be acquired, the spine was thoroughly frozen, and then divide^ in the 
mesial plane with a saw. A very successful section was obtained, 
and when the spine was still in the frozen condition, with all its parts 
immovably fixed, a tracing was taken of each cut surface, and the 
intervertebral disks and vertebral bodies were measured. At 
intervals the spine was returned to the freezing mixture, so as to 
keep it thoroughly consolidated until all the details required were 
ascertained. 

In the accompanying woodcut the tracing of the spine section, 
reduced by photography, is i*epresonted. Similar tracings taken from 
the spines of an Irish female, aged thirty-five, and a young female 
Chimpanzee, reduced to a corresponding size, are placed on either side 
of the Australian spine for purposes of comparison. 

The flatness of the dorsal curve in the Australian is very pro¬ 
nounced, and is more marked than in the Chimpanzee, in which both 
of the primary curvatures (dorsal and sacral) are notably deficient. 
It further resembles the Chimpanzee in the high degree of cervical 
curvature which it exhibits. 

Points of Inflexion .—In determining these we have not examined the 
curvature formed by the anterior face of the vertebral column. The true 
curvature of the vertebral column is that of its axis, and it is this that 
we have tested. The central points of the bodies of the vertebra and 
of the intervertebral disks wore carefully ascertained, and a mean 
curve was drawn through them. In European spines the point at 
whioh each curve gives place to that which succeeds it is veiy 
constant, and is not affected, so far as my observations go, by the 
degree of curvature in the different regions. The cervico-dorsal point 
of inflexion in the European is situated in the disk between the 
second and third dorsal vertebra. The lumbo-doreal point of inflexion 
in the female is placed in the body of the twelfth dorsal vertebra, but 
in the male it is a little lower down. The lumbar curve gives place to 
the sacral curve at a point in the 1 umbo-sacral disk. 

In the Australian spine a greater portion of the dorsal column is 
involved in the dorsal curve. Above, this curvature only gives way to 
the cervical convexity in the disk between the first and second dorsal 
vertebra, whilst below it includes the last dorsal vertebra, as in the 
European male, and the change to the lumbar convexity is effected in 
the dorso-lumbar disk. 

These are points of comparatively trifling importance. The great 
distinction between the Australian and European spine is found In the 
• ' Journal of Anatomy and Physiology,* July, 1886. 
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manner in which the lumbar convexity gives place to the sacral con¬ 
cavity. In the European this takes place in the liunbo-sacral disk of 
cartilage, and is sharp and sudden, forming a very decided angle. In 
the Australian it is so gradual and undecided that in the first instance 
1 sketched the lumbar curve so as to include the first sacral vertebra. 
Snob a curve line, however, falls about 1 mm. behind the central point 
of the luxnbo-socral disk. It is bust therefore to consider that the 
lumbar curve, as in the European, ends in that disk. But the sacral 
concavity does not begin at once. If the central points of the lumbo¬ 
sacral disk, the first sacral vertebra, and the first sacral disk he joined, 
it will be found that they lie in a straight line, and that the sacral 
concavity only begins in the first sacral disk. The close association 
which is thus established between the first piece of the sacrum and 
the lumbar coin mu is vory largely duo to the oblique position which is 
assumed by the lost lumbar vertebra. This iN a striking peculiarity, 
and constitutes perhaps one of the most characteristic features o4‘ the 
Australian spine. In my “ Cunningham Memoir " I describe a 
European spine, in which the first sacral vertebra is actually included 
in the lumbar curve, hut this was brought about in a different 
manner. It was not due to a shifting of the last lumbar vertebra, 
but to a shifting of the first sacral element which had separated 
itself from its neighbours, and thus become associated with the 
lumbar column. 

A glance at the tracing of the Australian spine is sufficient to show 
that the lumbar column is constructed npon principles which are 
calculated to render it exceedingly flexible and elastic. When we 
look at the corresponding region of the European an impression of 
great stability is conveyed to the mind. 

In the Chimpanzee, the cervico-dorsal point of inflexion, ns in the 
European, is placed in the disk between the second and third dorsal 
vertebra. In the spine figured in fig. 1 the dorsal and lumbar axial 
curves meet in the central point of the twelfth dorsal vertebra, but in 
the other specimens which I have examined, the point of demarcation 
between these curves corresponded to the central point of the inter* 
vertebral disk between tho twelfth and thirteenth dorsal vertebra. 
The flatter dorsal curve of the Australian therefore involves a greater 
length of the vertebral column than the corresponding deeper carve 
in tho Chimpanzee and European. 

But, further, the lumbar axial curve in tho Chimpanzee involves 
one or two of the sacral vertebra. In the spine of the female Chim¬ 
panzee figured in the text, the first and second sacral vertebra are 
included, but in other specimens examined, only the first sacral 
element falls into the line of the lumbar curve. An important grada¬ 
tion is thus established by the Australian spine, in which the first 
sacral vertebra has just escaped being included in the axial curve of 
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the lumbar region, and occupies a place which renders it impassible 
to associate it either with the cnrve above or the carve below. 

In the Chimpanzee the first sacral vertebra is brought into Associa- 
tion with the lumbar region by the slight degree of backward incli¬ 
nation of the sacrum; but another factor also conics into play, 
although to a much less extent, and that is the oblique position of 
the last lumbar vertebra. 

Let us examine these thro factors which exercise so marked an 
influence in producing this modification of the curvature in the 
Australian and Chimpanzee spines. The sacro-vertobral angle cun 
be tested in a variety of ways, but tlio most convenient method is to 
prolong the axis lines of the last lumbar and first sacral vertebra, and 
determine the angle which is formed at the poiut of intersection. In 
the spines of five European females the average angle thus obtained 
was 137” 40'. But I am inclined to think that in typical cases the 
angle in question is not so open. In the young female figured in the 
text, it is only 117” 20'; whilst in the Australian it was determined 
to be 141®. In the young Chimpanzee, oq the other hand, it attains 
a magnitude of 166°. But before coming to a definite decision upon 
this point, it is well to test the matter in another way. This is 
rendered necessary by the peculiar position of tbe last lumbar vertebra 
in the Australian and also, but to a loss degree, in the Chimpanzee. 
Let us take the axis line of the fourth lumbar vertebra in the human 
spines, and the third lumbar or corresponding vertebra in the Chim¬ 
panzee, and note the angle which is formed by the intersection of this 
by the axis line of the first sacral vertebra. The anglos obtained by 
this method for the three spines figured are ;— 

European. Australian. Chimpanzee. 

114° 120 c 150” 

So far, then, as it is possible to draw & conclusion from one Rpine, 
we may say that the sacral obliquity in the Australian is not so 
marked as in the European. At the same time it is right to state 
that 1 have examined individual European spines which exhibited a 
sucro-vertebral angle as open if not more so than that of the Aus¬ 
tralian. In these cases, however, special causes existed for this small 
degree of sacral obliquity. 8 

The peculiar position oocupied by the last lumbar vertebra in the 
Australian can be rendered evident by ascertaining the angle which 
is formed by the intersection of its axis line by the axis line of the 
fourth lumbar vertebra. The following are the Angles thus deter¬ 
mined 

European. Australian. 

173° 163° 
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It is this obliquity of the last lumbar vertebra in the Australian 
which has the effect of so nearly placing the first sacral vertebra in 
the line of the axial lumbar curve. 

In Troglodyte* the last lumbar vertebra* is closely associated with 
the sacrum. This constitutes a striking character of the column 
when aeon in mesial section. At first sight the vertebra in question 
appears to belong to the sacrum* The intervertebral disk which 
intervenes is very thin; indeed, in a younfe* specimen, it is not much 
thicker than those interposed between the sacral elements, and it 
cannot be compared for a moment with the thick pads between the 
lumbar yertebrm. This intimacy of relationship is still further borne 
out by the examination of the macerated skeleton, because it w 
extremely common to find the last lumbar vertebra either fixed to the 
sacrum by osseous nnion, or taking on sacral characters by the 
assumption of the characteristic sacral ale or rib elements. Of the 
twelve skeletons of Troglodytes , in which the lumbo-sacral region is 
mentioned iu the catalogue of the Museum of the Royal College of 
Surgeons in England, seven are described as presenting this pecu¬ 
liarity. 

In the European and in the Australian, the last lumbar vertebra . 
is separated from the sacrum by a thick pad of intervertebral 
substance. Nevertheless, we occasionally find in the human spine, 
the last lumbar vertebra either fused to the saorum or developing on 
one or both sides a sacral ala. Professor Kollman, of Basel, has 
recently exhibited at the Anatomische Gesellschaft at Wurzburg 
(May, 1888), a series of specimens in which the different gradations 
of this anomaly were illustrated^ During the last four or five years 
about seventy-five sacra and last lumbar vertobne have been ex¬ 
amined in the maceratod state in the Anatomical Department of 
Trinity College. From these I have obtained one specimen iu which 
the fusion between the last lumbar and first sacral vertebra is almost 
complete, and three fifth lumbar vertebte with a sacral ala developed 
on one or both aides. We have little information on this point in so 
far as the spines of the low races are conoerned; but it is somewhat 
significant that in five Australian and in two Andaman skeletons, 
Sir William Turner} should have recorded the occurrence of three 
fifth lumbar vertebras with/acral aloe developed upon their transverse 

• > 

* The vertebral formula being considered as C 7 , Dft, L 4 , 8*, C 4 . 

t Since writing the above, I have received a letter from Professor Kollman upon 
this subject. He informs me that he observed the anomaly in eight out of forty- 
fire specimens which he examined. In three cases the assimilation was complete 
(t.*,, on both sides), and in the remaining Are it was oonflned to one side. His 
specimens were all derived from European skeletons. 

Jf < ' t Zoology of the Voyage of H.M.8. 11 Challenger,” Part XLVII.’ 11 Report on 
the Human Skeletons, Part II. 1 * 
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processes. It is possible, therefore, that the tendency to assume 
sacral characters is more marked in the last lumbar vertebra of the 
Australian than of the European,* 

Lumbar Curve .—A single glance at the tracing obtained from 
the mesial section of the Australian spine, and which has been 
reproduced in flg. i, will be sufficient to dissipate any doubt 
that may be remaining regarding tho presence of a lumbar convexity 
in the vertebral column of this race. Not only does it exist, but 
it is present in a very pronounced form. Sir William Turner, who 
has studied tho lumbar vertebrae of several of the low races, has 
endeavoured to arrive at the proper lumbar curvature by careful 
articulation of the vertebras. “ Tho upper border of tho superior 
articular facet of the vertebra below was placed in tho same trans¬ 
verse plane as the upper border of the inferior articular fucet of the 
vertebra above.'*} In the Australian he wus led to believe that above 
the level of the lower border of the fourth luce bar vertebra the 
lumbar column was faintly concave forwards. At the same time he 
carefully guards himself by insisting that tine and trustworthy 
evidence upon this poiut can only be acquired by the actual exami¬ 
nation of the fresh spine. 

A convenient although a somewhat arbitrary way of detei mining 
the degree of prominence in the lumbar region in sectional tracings 
of the spine is to draw a straight line from the anterior extremity 
of the lower surface of the last lumbar vertebra to the anterior end of 
the upper surface of the first lumbar vertebra (vide fig. 1), By the 
eye we can readily judge the amount of projection which lies in front 
of this line in the different tracings, but for accurate comparison it is 
advisable to formulate an index. This can be done by taking the 
length of the lumbar oolumn (measured from the centro of the upper 
surface of the first lumbar vertebra} to the centre of tho lower 
surface of the last lumbar vertebra), as the standard and equivalent 
to 100, and then comparing it with the distance between the inter¬ 
secting line and the point of greatest prominence. A high index 
will indicate a strongly pronounced curve, and a low index a feeble 
degree of curvature. The indices of the lumbar curve ascertained iu 
this way from the three tracings in fig. 1 are the tollowing :— 

European. Australian. Chimpanzee. 

97 90 1U-Q 


* In twelve Australian skeletons which l have recently examined in the Museum 
of the Royal College of Surgeous, England, the condition U only present in one 
Specimen. ' 

t • Zoology of the Voyage of H.M.S. w Challenger/ 1 Part XLVII/ Ac. 

J The vertebra, corresponding to the first lumbar vertebra of Man m the Chim¬ 
panzee, is the tliirteentk dorsal. 
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The European and the Australian present to all intents and 
purposes an equal degree of pfoiuinence. The Chimpanzee exceeds 
them both in this respect. It may be well to stato that the index 
expressed by the spine of the European closely corresponds with what 
I have found to be the average (9*f>) for Irish females. On the other 
hand, when we consider the long period required for the full 
development and thorough consolidation of the lumbar curve in the 
human spine, we are forced to admit that it is highly improbable that 
the index obtained for the Australian expresses the average degree of 
curvature for that race, The girl from which it was taken was said 
to be sixteen years old, and the condition of the epiphyses, <fcc„ 
afforded abundant evidence that the age had not been overstated. 
Now Balandin,* who has examined the vertebral column in different 
subjects at the tenth, twelfth, sixteenth, ami twentieth year, assures 
uh that in none of llicse has lie found consolidation of the lumbar 
curve. He considers that it. does not become absolutely stable until 
adult life. Unfortunately we do not possess ft sufficient number of 
tracings of mesial sections of the young spine to come to a decided 
opinion upon this point; but in tlie beautiful drawing which is given 
by Dr. Symingtont of such a section of a girl, aged thirteen, the 
lumbar curve is very feebly marked. I am inclined to consider, 
therefore, that further investigation will probably show that the 
carve index of the Australian girl is slightly below the adult 
standard. The investigations which I carried out upon living Bush¬ 
men, and which are recorded in my “ Cunningham Memoir,” certainly 
seemed to indicate that in that race, at any rate, the lumbar curve in 
the erect attitude is in excess of what we find in the European. Of 
course the greater flexibility which I bidieve the spines of the black 
races possess would tend to exaggerate the curve iu the standing 
posture, and at the same time produce the opposite effect when the 
spine was relieved from its superincumbent burden. 

In the Australian spine the point of greatest projection in front of 
the intersecting line which we have used to determine the degree of 
lumbar prominence is the anterior border of tbe upper surface of the 
fourth lumbar vertebra. This corresponds with what we find iu the 
European male, but in the European female the most projecting point 
is placed higher, and is formed by the anterior border of the lower 
surface of the third lumbar vertebra. But the true summit of the 
lumbar curve is the point of maximum axial curvature, and in the 
Australian this is situated in the centre of the fourth lumbar vertebra. 
Again this is identical with what we observe in the European male, 

* “ Bojlfjjlge ttber die Entatehung der phy*iologi*chen Krfimntung der WirbeMule 
beiin Madmen.” Virchow’* * Arohiv Air Patholog. A net. und Phyiiol.,’ rol. 57, 

\m. 

t 1 The Anatomy of the Child,' Edinburgh. 
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but in the European female the summit of the axial curve is placed in 
the disk, between the third and fourth lumbar vertebras. 

In two particulars, then, the Australian spine resembles the vertebral 
column of a European male more than that of a European female, 
viz., in the point of maximum curvature in the lumbar region, and in 
the fact that the curvature does not include the last dorsal vertebra. 
The youth of the girl from which it was taken may account for these 
peculiarities: the spine may not have had time to acquire its special 
sexual characters, or its full degree of lumbar curvature. 

It is self-evident that when a curve is established in a region where 
the vertebral bodies are not moulded in accordance with it, the pro¬ 
duction of the curvature must be due to the shape of the interver¬ 
tebral disks. Tho difference in height between the anteiior and 
posterior surfaces of the European lumbar vertebra (with the excep¬ 
tion of the fifth) is so slight that it can have little influence in deter¬ 
mining the curve in this region. The difference iB to be regarded as 
the consequence and not as the cause of the curve. Tho lumbar con¬ 
vexity is mainly produced by the intervertebral disks, and when we 
reflect upon the manner in winch the curvature is called into existence,* 
we can readily understand why this should be so. In tho Australian 
spine the lumbar prominence is proilncod entirely by tho interverte¬ 
bral disks. The vertebral bodies, with tho single exception of tho 
fifth, are fashioned in a manner unfavourable to the production of a 
curve of which the convexity is directed forwards. 

The table (pp. 498-9) gives the proportions and indices of tho lumbar 
vertebra and intervertebral disks in the Australian and European 
spines figured in the text, and also for pui poses of comparison the 
indices of the same parts in four additional European spines. 

The index of the lumbar vertebra in the Australian girl (10T4) is 
low when we consider that for this race the average index is 107*8. 
But this average has been largely obtained from males, and there is 
every reason to believe that the index of the female is very consider¬ 
ably below this. The four female Australian spines which I measured 
when preparing my “ Cunningham Memoir/* gave an average ltimbo- 
vertebral index of 104*1, and of these one had an index of 100*9, and 
another an iudex so low as 96*7. To all intents anti purposes, there¬ 
fore, the bodies of the lumbar vertebra in the spine of the Australian 
girl are neutral in so far as the pi*oduction of a lumbar curve is con¬ 
cerned. Tho intervertebral disks are the parts which determine the 
curvature, and in conformity with this they present the low index 
of 49*5. A very special feature in this spine is the small amount of 
depth exhibited by the lumbar disks posteriorly. Tt is a character 
which at once appeals to the eye when the tracing of the mesial 
section is examined. Tho two disks which contribute most largely 
* ‘ Cunningham Memoir/ Xo. 2, Koj Irish Acad., p. 78. 
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indices of the Vertebral Bodies and Intervertebral Disks of the 
Lumbar Column. 



European Spine (fig. 1). 
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Four Irish Spines (two Males and two Females). 


Vertebral bodies. 

Index. 

Intervertebral disks. 

Index. 

I . 

107-7 

I . 


n. 

100 *5 

II. 


hi. 

95*2 

Ill. 

68*0 

IV. 

94*4 

IV... 

78*2 

v . 

83*7 

V .. 

37-0 





90*3 

65*6 


In this table the indices of the intervertebral disks have been calculated in the 
same manner as those of the vertebral bodies. The anterior vertical depth in each 
case has been taken as the standard, and equal to 100. By multiplying the poste¬ 
rior vortical diameter by 100 and dividing the result by the anterior vertical 
diameter, the indices havo been arrived at. 

to the curve are the fourth and fifth. The indices of these are 528*6 
and 38-4 respectively. 

The European spine which we have selected for comparison with 
the Australian spine also presents a somewhat low lumbo-vertebral 
index, viz., 91*0. The intervortebral index is consequently higher 


Fig. 2. 
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than is usually the case. Perhaps the average which is given in the 
table for the four Irish spines more nearly expresses the relative share 
taken by vertebral bodies and intervertebral disks in the production 
of the curve. In these the avorago lurabo-vertebral index is 96'3 
and the average intervertebral index 65*0. 

In analysing the composition of the axial curve in the lumlvir 
region of the Australian spine, I havo had the advantage of the advice 
and assistance of my friend and colleague Professor Alexander, of the 
Engineering School in Trinity College, Dublin. The drawings which 
illustrate this point were executed by him. The axial lumbar curve 
was found to be composed of the segments of throe circles. Thus the 
portion of the curve which traverses the central points of the fifth 
lumbar vertebra and of the disk immediately above and below it, con¬ 
stitutes one arc; the central points of the third and fourth lumbar 
vertebra?, and of the third and fourth intervertebral disks, are traversed 
by the arc of a second and larger circle; whilst the line passing 
through the central points of the dorso-lnmbar disk and of the first, 
second, and third lumbar vertebra with tho intervening disks, forum 
the segment of a third and still larger circle. Segments of three 
circles can also be detected in the axial lumbar curve of the Enropesn, 
but the parts entering into the formation of these are different. The 
fourth and fifth lumbar vertebrae with the fourth and fifth disks aru 
ranged in the arc of the lowest and smallest circle; the second, third, 
and fourth lumbar vertebra with the two intervening disks, constitute 
the segment of another circle ; whilst tho twelfth dorsal vertebra and 
the first and second lumbar vertebrae, with the interposed disks, form 
the segment of a third circle. 

As 1 have explained in my “ Cunningham Memoir,” where I have 
entered somewhat fully into this point, the composition of the differ¬ 
ent arcs of the axial curve is one into which many fallacies may 
creep. Slight inaccarucios in the tracing or a deviation from the 
mesial piano in sawing the spine will tend to vitiate the results. 

Tho radii of the three arcs which build up the a xml lumbar curve 
present very different lengths. In tho lower part of the lumbar 
column of the Australian the bend is much sharper and more sudden 
than in the European. This is rendered evidont when the radii of 
the two lowest arcs are compared with each other. Again, the 
highest segment in the Europoan shows very little deviation from a 
straight line,; It presents a radius more than twice the length of the 
highest segment in the Australian spine. In tho European the 
lumbar curve is more uniform and gradual throughout. The lengths 
of the radii of the different arcs of the two spines were ascertained to 
be as follows 
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Australian. 

European. 

Lowest arc. 

21 m. 

r>) m. 

Intermediate are. 

ioi „ ! 


Highest are... 

2* 

58 „ 


The interposition of a straight pieoo between the lumbar ami sacral 
curves of the Australian spine is well seen in fig. 2. It certainly 
offers in this respect a marked contrast to the European, in which 
the sacral curve breaks.off at once from the lumbar curve. 

Relative Lengths of the different Regions of the Vertebral Column of 
the Australian. —Aeby* has called attention to the fact that in the two 
sexes, and at different periods of life, remarkable differences are 
found in the relative lengths of the different, regions of the vertebral 
column. Tho method which wo have adopted for ascertaining the 
degree and quality of the spinal curvature affords us at the same 
time a very accurate means of comparing the Australian with the 
European from this point of view. Tho measurements were made 
along the fore surface of the spine, and the results obtained showed 
that the Australian spine corresponds in this respect in tho closest 
manner with the vertebral column of the adult European femalo. Its 
total length from the base of tho sacrum to the tip of the odontoid 
process was '526 mm. The cervical region measured 112 mm., tho 
dorsal region 241 mm., and the lumbar region 173 min. 

In order that we may compare tho relative length of each of these 
regions with what we find in the European, let uh regard the fore 
surface of the movable column as being equal to 100. The following 
table shows the close similarity which exists in this respect between 
the Australian girl and the adult European female:— 


Fore Surface of Spine from tip of Odontoid Process to Bose of 
Sacrum = 100. 


• 

Australian girl, 
aged 16. 

Average of five adult 
European females, 
spines measured in the 
frocen condition. 

16 years old girl 
(European). 
(According to 
Aiiby.) 

Cervical region.... 

21'3 

21*6 

21'6 

Dorsal region. 

43*8 

43-8 ; 

46*9 

Lumbar region 

82*9 

32 8 j 

31‘6 


• “Die Altersr eraohiedenheiten der mensehlichen Wirbols&uW' ‘Archil fttr 
Amt. und Entwiok.’ 1879. 
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In the above table, I have also introduced the proportions which 
Achy gives for the sixteen-year-old girl. It is curious that the Aus¬ 
tralian girl shonld approximate more nearly the adult European 
female. 

Proportion of Bone and Cartilage in the Lumbar Region of the Spine . 
—When the tracings which are roproducod in fig. 1 are closely 
examined,it becomes apparent that in the lumbar region the constituent 
elements, viz., the bones and the intervertebral disks, are not present 
in corresponding proportions in the different spines. The vertical 
diameters of the bodies of the lam bar vertebra differ very appre¬ 
ciably in the three spines, and with this there is a difference in the 
thickness of the intervertebral disks. In order that we may the 
more essily contrast the spinos from this point of view, I have 
formulated an index which may he termed the Sagitto-vertical lumbar 
index . In calculating this, the sagittal diameter measured from 
the centre of the posterior faco to the centre of the anterior face 
of the vertebral body is taken as the standard and equal to 100. 
The proportion between this diameter and the vertical diameter, 
measured from the centre of the upper surface to the centre of the 
lower surface of the vertebral body, can thus be readily expressed. 
A high index will indicate a long vertebral body; a low index, on 
the other hand, will indicate a Bhort vertebral body. In the table 
which follows I have introduced the Baboon, Macaque, and Orang, 
with the view of enabling us to decide whether or not the difference 
exhibited in the sagitto-vertical lumbar index of the European, 
Australian, and Chimpanzee is one from whioh any important deduc¬ 
tion may bo drawn. 

Two points are rendered very manifest by the above figures, viz., 
(1), that there is a rapid and decided increase in the length of the 
lumbar vertebral bodies as we pass from the European, through the 
Australian, Chimpanzee, and Baboon to the Macaque; and (2), that 
as the bones elongate the cartilaginous disks become shortened. 

The difference in relative length of the lumbar vertebra in the 
European and Australian is very marked, the sagitto-vortical index of 
the former being 80*9, and of tho latter 87*0. It must be borne in 
mind, however, that I have only had an opportunity of examining 
the one Australian.* Again, it is remarkable that the Orang in the 
height of its vertebra should show such a decided deviation from 
other Apes, and approach so closely to Man. A mesial section through 
the Orang renders this character apparent to the eye.f 

In estimating the vert ical depth of both vertebral bodies and inter- 

* There are striking sexual differences in this respect. In the male, the bodies 
of the rertebr® ere more compressed. Sight skeletons of female Andaman Islanders 
• afforded a sagitto-vertioal lumbar index of 90*4. 

f * Cunningham Memoir/ No. 2, Plate III, Royal Irish Academy. 
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vertebral disks, tbe measurements were made along tbe axial line of 
the column. The spines were divided in the mesial plane when 
thoroughly frozen, so that there was no reduction in the depth of the 
cartilaginous disks through the bulging out of their central soft 
portions. In the European we find the largest proportion of carti¬ 
lage in the construction of tho lumbar region. In four female spines 
the average was found to be 357 per cent, cartilage to 64*3 per cent, 
bone.* In the Australian tho amount of cartilage is reduced in con¬ 
formity with the lengthening of the vertebral bodies; the proportion 
is 30*6 per cent, cartilage to 60*4 per cent. bone. In the Apes, a still 
further reduction in the amount of cartilago is manifested; even in 
the Orang with vertebra) proportionally as short as those of a 
European, the amount of cartilage in the lumbar part of the spine is 
relatively much less, viz., in the European 35*7 per cent., and in the 
Orang 27 per cent. In tho Chimpanzee, the marked fall in the 
amount of cartilage is in a measure due to tho extremely thin disk 
which intervenes between the last lumbar vertebra and the base of 
the sacrum. 

In the erect attitudo of Man the greater amount of cartilage lessens 
the shocks transmitted upwards through the column. In the prone 
or semi-prone position of the trnuk the same provision is not so 
necessary. 


“The Principles of training Rivers through Tidal Estuaries, 
as illustrated by Investigations iuto the Methods of 
improving the Navigation Channels of the Estuary of the 
Seine.” By Leveson Francis Vernon-Harcourt, M.A., 
M.Inst.C.E. Communicated by A. G. Vernon-Harcourt, 
F.R.S. Received January 19,—Read February 7, 1889. 

(Plates 2—4.) 

The conditions affecting the training of rivers in the non-tid&l 
portions of their course by jetties, or rubble embankments designated 
as training walls, are well understood. Training walls substitute a 
straightened uniform channel for irregularities and varying widths, 
improving the flow of the current and rendering it uniform, so that 
scour oocurs in the shallow, narrowed portions, and more uniformity 

• Aeby gives the proportion of bone and cartilage in the different regions of the 
European spine at different ages, but as he measured Ih e front aspect only of the 
vertebra and disks, his results cannot be compared with the above. In front and 
' behind the vertical diameters of the disks and vertebral bodies are modified by the 
spinal curvatures. To obtain tbe most accurate information regarding the relative 
proportion of bone and cartilage in a region, the different elements should un¬ 
doubtedly be measured along the axial curve. 
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of depth is attained. In very winding rivers, the additional precaution 
has to be taken of somewhat reducing the width where the deepest 
channel shifts over from the concave bank on one side to the concave 
bank on the opposite side at the next bend lower down, so as to reduce 
the shoal which is found near tiie point of contrary flexure by con¬ 
centrating the current at this place. 

The training of the outlets of sediment-bearing rivers into tideless 
seas is determined by the same principles; for a definite discharge is 
direoted and concentrated between training walls or piers, so as to 
scour a channel across the bar formed, in front of the outlet, by the 
accumulation of deposit dropped by tbe enfeebled issuing current-. 
The increased velocity of the current through the contracted outlet 
carries the silt into deeper water, where it is either borne away by 
any littoral current, or again forms a bar, after a lapse of tiroo 
depending on the depth, which can be removed by an extension of the 
training works. 

The training also of the upper part of the tidal portion of rivers 
has been effected on similar principles to the non-tidal portion, with 
satisfactory results, even though the problem is, in this cose, com¬ 
plicated by the changes in the direction of the ourrent, and the 
requisite maintenance of the tidal capacity. 

In the lower parte, however, of tidal rivers, where the tidal flow 
predominates, it is difficult to determine the proper width for a trained 
channel, which, whilst narrow enough to secure an adequate depth, 
should not very materially check the tidal flow to the detriment of 
the outlet. Moreover, whoro the estuary is large, considerable doubt 
may exist as to the best direction for the training walls; and the 
establishment of training walls in a wide estuary, where the flood tide 
is charged with silt, has resulted in extensive accretions,* and corre¬ 
sponding reduction of tidal capacity, by the concentration of the tidal 
flow and ebb in the trained channel, and a consequent enfeeblement 
of the ourronts at the sides, favouring deposit. The principles, 
indeed, upon which the training of tidal rivers should be based, are in 
a very undefined and unsatisfactory condition, as exemplified by the 
conflicting opinions of engineers whenever important training works 
through estuaries are proposed, as exhibited with reference to the 
schemes for training works in the upper estuary of the Mersey,f for 
which the Manchester Ship Canal promoters sought powers in 1883 
and 1884, and as at present exist about the extension of tlio training 
works in the Ribble estuary.$ This is due to the various conditions 

* * Instit. Civ, Bngin, Proo.,' rol. 84, pp. 246 and 205, and Plates 4 and 5. 

f Evidence before Select Committees of Lords and Commons on the Manchester* 
Ship Canal Bilb, Sessions 1888 and 1884, and f Instit. Civ. Kngin. Proo., 1 vol. 84, 
p. 800, 6g. 7. 

t * Insist. Civ* Engm. Proc./ vol. 84> p* 260* flg. 1. 


2 I 2 



506 Mr. L, F. Vemon-Haroourt 

involved, which differ more or less in each case, and thus render it 
difficult to lay down general rules for guidance from arguments based 
on analogy. • One of the most important considerations is the form of 
the estuary; and in this respect no two estuaries are alike, as their 
form is the result of complex geological and hydrological conditions; 
and it suffices to contrast the Mersey and the Ribble, the Doe and the 
Tay, the Clyde and the Tees, the Seine and the Loire, to indicate the 
varieties of forms which may have to bo dealt with. Other circum¬ 
stances affecting the problem are the rise of tide, the tidal capacity 
and general depth, the fresh-water discharge, the silt introduced by 
the flood tide or brought down by the river, the condition of the sea 
bottom in front of the mouth, and the direction in which the tidal 
current enters the estuary. The positions also of ports established at 
the sides of estuaries require special consideration in determining 
the proper line for a trained channel. These numerous and variable 
conditions have often led engineers to enunciate the opinion that each 
river must bo considered independently by itself. This view, how¬ 
ever, if strictly adhered to, by excluding the experience derived from 
provious works, would prevent any progress in the determination of 
general principles for the improvement of navigation channels through 
estuaries; each training work would form an independent scheme, 
based upon no previous experience, and might or might not produce 
the results anticipated by its designer, Unfortunatoly also it is im¬ 
possible to proceed with training works by the method of trial and 
error; for besides the cost of modifying the lines of training walls, 
if the desired results are not produced, these works generally effect 
such extensive changes in an estuary, that it would be impracticable 
to restore the original conditions, or to modify materially the altered 
position. 

It might bo possible to deduce general rules for training works 
from a careful consideration of a variety of Jypes of estuaries, espe¬ 
cially those in which training works havo been carried out; and I 
have commenced an investigation of this kind. This method of in¬ 
quiry, however, requires a variety of data which it is difficult to obtain 
for most estuaries, And mnst depend upon a careful estimate of the 
relative influence of each of the variable conditions, and a train of 
reasoning from analogy which might not be accepted by engineers as 
conclusive. Accordingly, it would be of the very highest value to 
river engineers, and of considerable interest from a scientific point of 
view, if a method of investigation could be devised, which might be 
applied to th f e special conditions of any estuary, and the results of any 
. scheme of training works determined approximately beforehand, in 
a manner which oould he relied upon from the fact of their depending 
on an assimilation to the actual conditions of the case investigated, 
^ttd not on arguments based npon the effects of similar works under 
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more or less different conditions. The following description is there¬ 
fore given of the resalts of investigations, carried on at intervals 
daring more than two years, with reterence to the proposed extensions 
of the training works in the Seine estuary, which appear to afford a 
fair assurance that a similar method, applied to any estuary, would 
indicate the effect of any scheme of training works, provided the 
special conditions of the estuary were known* 

Investigations about the Seine Estuary . 

The training works, in the lower portion of the tulal Seine, com¬ 
menced in 1848, had reached Bervillo in 1870, when the works were 
stop pod, in the interests of the port of Havre, on account of the large 
unexpected accretions which were taking place behind the training 
walls, and at the sides of the wide estuary below them.* The original 
scheme, proposed in 1845 by M. Bouniceau,t comprised the extension 
of the trained chanuei to Honfleur on the southern side of the estuary, 
and the prolongation of one or both of the training walls towards 
Havre at the north-western extremity of the estuary, as in any 
scheme, the interests of both these ports, on opposite sides of the 
estuary, have to be considered. The works are acknowledged to be 
incomplete; and great interest has been evinced, particularly within 
tho last few years, in the question of tlieir extension, so that the 
shifting channel between Bcrville and the sea may be trained and 
deepened, and the access to Honfleur improved, without endangering 
the approaches to Havre. The objects desired are distinctly defined ; 
but the means for attaining them have formed the subject of such a 
variety of schemes, that hardly any part of the esluary below Berville 
has not been traversed by some proposed trained channel, except the 
portion lying north of a line between Hoc and Tancarville points, 
which is too. far removed from Honfleur to bo admissible for any 
scheme. Altogether, including distinct modifications, fourteen schemes 
have been paUli&hed in France within my knowledge, seven of thorn 
having appeared within the last five years. The schemes also exhibit 
great varieties in their general dcsigu J (Plate 2, tigs. 1 aud 3; Plate 3, 
figs. 1 and 2; and Plate 4, fig. 1), illustrating very forcibly the great 
uncertainty whioli exists, even in a special cuso where the conditiona 
have been long studied, as to the principles which should be followed in 
designing training works, It is evident that no reasoning from analogy 
could prevail amongst such very conflicting views; and having had the 
subject under consideration for a long time, the idea occurred to me in 
August, 1886, of attempting the solution of this very difficult problem 
by an experimental method, which might also throw light upon genera^ 

* * Initit, Civ. Ettgin. Proo.,' vol. 84, p. 241, aud Plates 4 aud 6* 

f * Etude iur la Navigation dec Rivi&res 4 Maries,' M, Bouniceau, p. 1M, Piste i 

X 1 built, Civ. Engin. Proc.,' vol. 84 * p. 847, and Plate 4, fig. 9. 
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principles for guidance in training rivers through estuaries. The 
estuary of the Seine is in Borne respects peculiarly well adapted for 
snch an investigation, for old charts exhibit the state of the river 
before the training works were commenced, and recent charts indicate 
the changes which the training walls have produced, whilst the 
various designs for the completion of the works, proposed by ex¬ 
perienced engineers, afford an interesting basis for experimental 
inquiries into the principles of training works in estuaries. If, in the 
first place, it should be possible to reproduce in a model the shifting 
channels of the Seine estuary as they formerly existed, and next, after 
inserting the training walls in the model as they now exist in the 
estuary, the effects produced by these works could be reproduced on a 
small scale, it appeared reasonable to assume that the introduction, 
successively, in tho model of the various lines proposed for the exten¬ 
sion of the training walls would produce results in the model fairly 
resembling the effects which the works, if carried out, would actually 
produce. 

When tho third Manchester Ship Canal Bill was being considered 
by Parliament in 1885, Professor Osborne Reynolds constructed a 
working model of the portion of the Mersey estuary above Liverpool 
on behalf of the promoters of the canal, with the object of showing 
that no changes would be produced in the main channels of the estunry 
by tho canal works which had been designed to modify very slightly 
tho line of the Cheshire shore above Eastliam. This model was, 1 
believe, the first experimental investigation on an estuary by artifi¬ 
cially producing the tidal action of flood and ebb on a small scale; 
and Professor Reynolds* experiment showed that a remarkably close 
resemblance to the main tidal channels in the inner estuary could be 
produced on a small scale. 

As the Mersey model did not extend into Liverpool Bay, the tidal 
action produced was very definitely directed along the confined 
channel representing the “ Narrows *’ between Liverpool and Birken¬ 
head ; and this tidal flow was not perceptibly influenced by the rela- 
tively very small fresh-water discharge. In the Seine, however, there 
is no narrow inlet channel to adjust exactly the set of the flood tide into 
the estuary ; and the large fresh-water discharge of the Seine, with a 
bttsin about eighteen times larger than the Mersey basin, forms an 
important factor in the result. The tide in a model of the Seine has 
to be produced in the open bay outside the estuary at a suitable angle 
which had to be determined ; and it was essential for the success of 
the Seine experiments that accretion should be produced in the model 
of the Seine estuary under certain circumstances, which was a eon- 
\ dition which did not enter into the Mersey problem. Accordingly, 
the very interesting and valuable results obtained by Professor 
Reynolds, in his model of the Mersey, could afford no assurance that 
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experiments involving essentially different and novel conditions would 
lead to any satisfactory results. I therefore restricted the require* 
merits for my experiments within the smallest possible limits, and 
contented mysolf with the simplest means, aud the limited space 
available in my office at Westminster. 

Description of Model of th 4 Seine Estuary. —The model represent¬ 
ing the tidal portion of the River Seine aud the adjacent coast of 
Calvados, extending from Martofc, the lowest weir on the Seine, down 
to about Dives, to the south-west of Trouvillo, was moulded in Port¬ 
land cement by my assistant, Mr. Edward Blundell, to the scales of 
■y qtoft horizontal and vertical. The first is the scale of some of 
the more recent published charts of the Seine—and even at that 
scale the model is nearly 9 feet long; whilst I made the vertical 
scale one hundred times the horizontal, os the fall of the bed of the 
tidal Seme is very slight, and the rise of spring tides at the mouth, 
being 23 feet 7 inches, amounted to an elevation of the water in the 
model of only O’71 inch. There are two banks at the mouth of the 
estuary, between Havre and Villorville Point, known as the Amfard 
and liatier banks, which emerge between half-tide aud low water, and 
divide the entrance to the estuary into three channels. Through all 
the changes in the navigable channel at the outlet, these banks always 
appear in some form or other in the low-water charts, either connected 
with the sandbanks inside the estuary, or detached. On examining 
the largo chart drawn from the survey made by M. Germain in 1880, 
1 found that rock and gravel cropped up to the surface over a certain 
area on these banks, and accordingly 1 introduced solid mounds at 
these places to represent tho hard portions of the Amfard and Ratier 
banks, which are permanent features in the estuary. As a rocky 
bottom is found near Havre, and also at Villorville Point on the oppo¬ 
site side of the outlet, Amfnrd and Ratier banks are donbtJpss the 
remains of a rooky barrier which in remote ages stretched right 
across the present mouth of the river. Where the rocky bottom lies 
bare near Havre and Villorville, the model was moulded to the exaot 
depths shown on the chart of 1880; but in other places the cement 
bottom was merely kept well below the greatest depth the channel 
had attained at each place, whilst the actual bed of tho estuary in the 
model was formed by the flow of water over a layer of sand. 

Arrangements for Tidal and Fresh-water Flow .—The mouth of the 
Seine estuary faces west; but the tidal wave comes in from tho north¬ 
west, and the earliest and strongest flood tide flows through the 
northern channel between Havre and the Amfard bank; whilst the 
influx through the southern Villorville channel occurs later, and is 
stronger towards high water. Accordingly, the tidal flow had to be 
introduced from a northerly direction, at an angle to the mouth of the 
estuary; and the line of junction of the hinged tray, producing the 
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tidal rise and fall, was made at an angle of about 50° to a line running 
from cast to west in the model, so that the tidal flow approaohed the 
estuary from a point only about 5° to the west of north-west. The 
tray was made of sine, enclosed by strips on three sides to the height 
of the sides of the estuary; and it was hinged to the model, at its 
open end, by a strip of india-rubber sheeting along the bottom and 
sides, so as to make a water-tight joint with sufficient play at the sides 
to admit of tho tray being tipped up and down from its outer end. 
The rise and fall of the tray was effected by the screw of a letter 
press, from which the lower portion had been detached, by raising and 
lowering the upper plate of the press, half of which was inserted 
under the tray. After the requisite amount of* sand had been intro¬ 
duced to raise the bottom to the average level, the model was filled 
with just enough water for the surfaco of the water to represent low 
water of spring tides when the tray was down and the screw at its 
lowest limit; and the tray was made of such a size that, when the 
screw was raised to its full extent, the water in the model was raised, 
by tho tipping of the tray, to the level representing high water of 
spring tides. The water representing the fresh-water discharge of 
the Seine was admitted into the upper end of tho model from a tap 
in a small tin cistern; and the efflux of a similar quantity of water 
was provided for at the lower extremity of the estuary, on its northern 
side near the tray, by a cook with a larger orifice placed at such a level 
as to allow the wftter to flow out into a second cistern, of similar size, 
during the higher half of the tide. 

First Remits of Working the Model ,—The construction of the model 
was commenced in October, 1886, and its working was commenced in 
November. Though the Portland cement was convenient for mould¬ 
ing in a small space and in the absence of appliances, it did not prove 
satisfactory for retaining water at first. The model was purposely 
made in two halves, and the straight joint was subsequently made 
water-tight; but, nevertheless, cracks occurred at various places 
through which the water leaked, and they had to be repaired as they 
appeared; and the bottom of the model wng eventually coated with 
thick varnish, and after a time the leaks ceased. The flexible india- 
rubber hinge, from which I had anticipated some trouble, leaked very 
little from the beginning, and on being fitted with greater care in 
introducing a tray of somewhat different form, no leakage occurred. 

Silver sand was used in the first instance for forming the bed of the 
estuary. From the outset, the bore at Caudebec, indicated by a 
sudden rise of the water, and the reverse current just before high 
water near Havre, called the M verhaule were very well marked. 
The verhaule is evidently a sort of back eddy, on the northern 
shore, occasioned by the influx of the tide, and by the final filling of 
the estuary from the southern channel; whilst the bore appears to 
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result from the concentration of the tidal rise by the sadden contrac¬ 
tion of the estuary above Quillebeuf. The period given to each tide 
in working was about 25 seconds, which appeared fairly to reproduce 
the conditions of the estuary.* After the model had been worked for 
a little time, the channels near Quillebeuf assumed lines resembling 
those which previously existed ; and n small channel nppoared on the 
northern shore, by H&rfleur and Hoc Point, which is clearly defined 
in the chart of 1834. The main channel also shifted about in the * 
estuary, and tended to break up into two or threo shallow channels 
near the meridian of Borville, where the influences of the Hood and 
ebb tides were nearly balanced. The model, accordingly, fairly repro¬ 
duced the conditions of the actual estuary previous to the commence- 
of tho training walls; though the channel in the estuary did not 
attain tho depth, as represented by the proportionately largo vertical 
soale, which the old channels possessed, owing, doubtless, to the com¬ 
paratively Bmall scouring influence which the minute currents in the 
model possess. The sand, in fact, cannot be reduced to a fineness 
corresponding to the scale of tho model, whilst the friction on the 
bed is not diminished equivalently to the reduction in volume of the 
current. Silver sand had been used on account of its being readily 
obtained, its purity, and absence of cohesion, as it was hoped that the 
water, by percolating freely through it, would more readily shift it. 
A film, however, seemed by degrees to form over its surface, reducing 
considerably its mobility; and as the action of the water on it con¬ 
sisted merely in rolling the particles along the bottom, this sand did 
not prove satisfactory for producing the requisite changes when the 
training walls were insertod in tho model. It became, therefore, 
essential to Bearch for a substance which the water could to some 
extenfccarry in suspension for a short period. 

Trial of Various Substances for Forming the Bed of the Estuary .— 
Some substance was required, not necessarily sand, insoluble in water, 
easily scoured, and therefore not pasty or sticky, and sufficiently fine 
or light to be carried in suspension to some extent by the currents in 
the model, and not merely rolled along the bottom like the silver sand. 
A variety of substances of low specific gravity, and in powdered form, 
were accordingly tried in succession during the first half of 1887. 
Pumice in powder proved too Bticky; and flower of sulphur was too 
greasy to be easily immersed in water. Pounded coke was too dirty 
to be suitable, and particles of it floated. Violet-powder became too 
pasty in water; and fuller's earth and lupin seed exhibited similar 
defects. The grains of coffee grounds were too largo iu water, and 
moved up and down in the currents too readily; whilst fine sawdust 

* According to tho formula in the paper by Professor O. Reynold*, on his Mersey 
model, read at the Frankfort Congress in August, 1888, the tidal period would'bs 
nearly 88 seconds. 
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from boxwood and lignum vite swelled in water, and was carried 
along so very easily by the stream that no definite ohannele were 
formed in it. The powder obtained from Bath briok, which was 
experimented upon for some time in the model, both without and with 
training walls, yielded more satisfactory resalts, as besides affording 
shifting channels like the silver sand, it accumulated at the sides of 
the estuary when the training walls were introduced in the model. It, 
however, gradually became too compact, so that the current could no 
longer produce much effect on it; but as it is probable that some 
sticky material is used in the manufacture of Bath bricks, it is quite 
poSHible that if 1 had succeeded in my endeavour to obtain the silt of 
the River Parret, from which the bricks are made, in its natural 
state, the material might have proved more subject to scouring 
influence. 

At last, in July 1887,1 found a fine sand, on Chobham Common, 
belonging to the Bagshot beds, with a small admixture of peat. This 
sand, besides containing some very fine particles, was perfectly clean, 
so that water readily percolated through it; and it accordingly com¬ 
bined the advantages possessed by silver sand with a considerably 
greater fineness. 

Results of Working Model with Bagshot Sand .—The bed of the 
estuary having been formed with the sand obtained from Chobham 
Common, after the model had been worked for some time, the channels 
assumed a form very closely resembling the ohart of the Seine 
estuary of 1834.* Accordingly, the first stage of the investigation 
was duly accomplished by the reproduction of a former state of the 
estuary in the model, with the single exception of a decidedly smaller 
depth in the channels, except in places whero the scour was consider¬ 
able, which is reudily accounted for by the circumstances of the case. 
It is probable that with a larger model, and especially if the bed was 
not bo nearly level as in the Seine, the depth would approach nearer 
to the proper distorted proportion as compared with the width. 

The close correspondence of the ohannels in the model with an 
actual state of the estuary in its natural condition, confirms, in a con¬ 
siderably more complicated case, the results previously achieved by 
Professor Reynolds with reference to the upper estuary of the Mersey, 
and affords a fair certainty that, with adequate data, the natural con¬ 
dition of any estuary could be reproduced on a small scale in a model. 

Introduction of the Existing Training Walls in the Model ,—The 
second stage of the investigation consisted in the introduction of 
training walls into the model, corresponding in position to the actual 
training walls established in the estuary down to Berville. These 
walls, formed with stops of tin, cut to the corresponding heights at 
the different places, and bent to the proper lines, were gradually 

* ' Invtit. Civ, Engin, Proo., 1 vol. 84, Plate 5, fig. 1. 
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inserted in sections; and the model was worked between each addition, 
to conform, as far as practicable, to the Actual conditions. The fine 
particles of the sand accreted behind the training walls; and the 
channel between the walls was scoured out, corresponding precisely 
to, the changes which have actually occurred in the estuary of the 
Seine. The foreshores at the back of the training walls were raised 
up in some parts to high -water level, whilst in other places the 
accumulation was somewhat retarded by the slight recoil of the water 
from the vertical sides of the model, and by the wash over the vertical 
training walls, these forms being necessitated by the great distortion 
of the vertical scale of the model. On the whole, however, the 
accretion and scour in the model correspond very fairly to the results 
produced by the existing training walls in the estuary. The accretion, 
moreover, in the model, extended beyond the training walls on each 
side, down to Hoc Point on the right bank, obliterating the inshore 
channel close to Harfieur, which had been reproduced in the model, 
And down to Honfleur on the left bank, corresponding in these 
rospocts also to the actual changes in the estuary.* The main 
channel also, beyond the ends of the training walls, was compara¬ 
tively shallow, and was unstable, reproducing the existing conditions 
in the estuary. 

The experiments relating to this stage extended over a year and a 
half, taking up all the time that could be spared to them by myself 
and my assistant during that period ; they formed the turning point 
of the investigation, and have the interest of being, as far as I am 
aware, the first attempt at putting training walls in a model, and 
obtaining the resulting accretion on a small scale. Without the 
accomplishment of thiB stage, it would have been useless to continue 
the investigation; and its satisfactory attainment proved so difficult 
in actual practice, that for a long time it seemed probable that the 
attempt must be abandoned. 

Application of System to Ascertain the Probable Effects of any 
Training Works. —As the first and second steps in the investigation, 
by the aid of the model, had furnished results which corresponded very 
fairly with the actual states of the estuary of the Seine before and 
after the execution of the training works, the final stage of the 
investigation, for ascertaining the probable results of any extensions 
Of the training walls, could be reasonably entered upon. In selecting 
the lines of training walls to be experimented on, it appeared ex* 
pedient to adopt those which have been designed, after oarefnl study, 
by experienced engineers, both on account of the results from these 
being far more interesting than those of a variety of theoretical 
schemes, and also in the hope that some assistance might thereby be 
rendered to French engineers in the proseoution of this important 

* * Initit. Civ. Bogin. Proa,’ tol 84 1 compare Piste 5, fig. 1, sad Flats 4, fig. 1. 



514 


Mr. L. F. Vernon-Harcourt. 


work. Moreover, the schemes exhibit sufficient variety to admit of 
their being taken as types of schemes for throwing light upon the 
principles on which training works should be designed in estunries. 
Accordingly, the third stage in tho investigation consisted in extend¬ 
ing the training walls in the model, in accordance with the lines .of 
some of the schemes proposed; and, after working the model for some 
time with each of the extensions successively, the several results were 
recorded, as shown in Plates 2 and 3, and Plate 4, figa 1 and 2. The 
lines of training walls experimented on in the model were taken, with 
one exception, from five out of tho seven most recent sohemes pro¬ 
posed, as these fivo schemes arc, I believe, tho only ones which are 
still put forward for adoption. The linos shown on Plate 4, fig. 3, 
represent merely a theoretical arrangement of training walls, inserted 
for a final experiment in tho model, to ascertain the effect of the most 
gradual enlargement of the trained channel which the physical con¬ 
ditions of the estuary wonld have admitted of at the outset, whilst 
maintaining the full width at tho mouth. 

Scheme A .—The first arrangement of extended training walla intro¬ 
duced into tho model was taken from a scheme, some of the main 
features of which were proposed in an earlier scheme in 1859,* and 
which was put forward in an amended form in 1886. f The design, 
as inserted in the model, consisted of an extension of the parallel 
training walls from Berville down to Honfieur, and the formation of 
a breakwater across the outlet, from Villerville Point ou tho southern 
shore of the estuary, out to the Amfard bank, thus restricting the 
month to tho channel l)otween Amfard bank and Havre. The lines of 
these works were formed in the model with strips of tin, a« shown 
on Plate 2, fig. 1; the northern training wal was kept low, and the 
southern wall was raised to the level representing high water of neap 
tides; whilst the strip representing the breakwater was raised above 
the highest tide leVel, thus forcing all the flood and ebb water to pass 
through the Havre Channel. The results obtained in the model with 
these arrangements, after working it for about 6000 tides, are indi¬ 
cated on the first chart (Plate 2, fig. 1). The channel between the 
prolonged training walla had a fair depth throughout, partly owing 
to the concentration of the fresh-water discharge between the walls, 
and partly from tho retention of some additional water in tbe channel 
at low water, by the hindrance to its outflow offered by a sandbank 
which formed in front of the ends of the training walls, A deep bole 
was soon sooured ont in the narrowed outlet by the rapid flow of the 
water filling and emptying tbe estuary at every tide. The absence, 
however, of connexion between the direction of the flood tide current 

# * La Seine oomme Toie de Communication Maritime et Fhmale/ J. de Coeno, 
1883, p. 11, end Plato 7. 

f 1 Projet dee Travaux 8 feire i l’Xmbouohure do la Seine/ Fartiot, Pari*, 1886. 
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through the outlet and the ebbing current from the trained channel, 
aided by the accretion of sand in the sheltered recess behind the break* 
water, led eventually to the formation of two almost rectangular bends 
in the channel, one just beyond the training walls, and the other near 
Hoc Point in the model. This tortuous channel, moreover, was 
shallow, except at the bends and the outlet; and a bar was formod a 
short distance beyond the outlet. The contraction of the mouth of 
the estuary by the breakwater interfered so much with the influx of 
the tide into the estuary as to render it impossible to raise the tide 
inside to its previous height; and the reduction in height of the tide 
was clearly marked At Tanoarville Point in tho model. Sediment 
accumulated in the estuary beyond the trained channel, being brought 
in by the rapid flood current, and not readily removed by the ebb, 
except in the trained channel and near the outlet; and this accretion, 
by diminishing the tidal capacity, gradually reduced tho current 
through the outlet, and consequently the depth of the outlet channel. 
A considerable accnmnl&tion of sand took place outside the break* 
water, along the southern sea-coast, so that the bank opposite 
Trouville in the model was connected with the shore, and the 
foreshore advanced towards the end of tho breakwater (Plate 2, 
fig. i). 

Scheme R .—The second arrangement of training walls inserted in 
the model, below Berville, was taken from a scheme proposed in 1888, 
representing a modification, by another engineer, of the design from 
which Scheme A was copied.* It comprised tho retention of the break¬ 
water from Villerville Point to the Arafard bank, the most essential 
feature in Scheme A; but tho extension of the northern training 
wall was dispensed with, whilst the southern training wall was pro- “ 
longed, in a continuous curve, from Berville to Honfleur (Plate 2, 
fig. 2), and eventually to the Arafard bank, connecting it there with 
the extremity of the breakwater (Plate 2, fig. 3). *A slight widening 
out of the existing trained channel, by an alteration of the end portion 
of the northern training wall, completed the arrangement of the 
model. The results obtained by inserting the training wall down to 
Honfleur, and then working the model for about 3500 tides, are 
shown in Plate 2, fig. 2 ; and those obtained after the prolongation 
of the southern training wall to the breakwater, and working the 
model for about 3700 tides, are shown in Plate 2, fig. 3. The channel 
followed pretty nearly the coneave line of the prolonged southern 
training wall, between Berville and Honfleur in the model, except 
near Berville; but the depth of water was less regular than in the 
previous experiment, owing to the diminished concentration of the 
ebb from the absence of the northern training wall. The channel 

• * Mlmoites cU Is 8oei6ttf dm Ingdnieurs Civil*,’ Mars, 1886, Paris, pp. 867 and 
*78, and Plate 188, fig. *. 
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between Honflenr and Amfard was tortaons as before, bat its direc¬ 
tion was different. The deep hole at the outlet, the bar beyond, and 
the advance of the southern foreshore beyond the breakwater, 
reappeared again with very similar features to those in the first 
scheme, except that the sandbank did not quite reach the outside 
face of the breakwater at low water. (Compare iig. 2 with fig. 1 in 
Plate 2.) 

The results which followed from working the model with the 
southern training wall prolonged to Amfard, are shown in Plate 2, 
fig. 3. The main alteration from the former experiment naturally 
occurred between Honflenr and Amfard in the model, a continuous 
channel being formed along the new piece of oonoave training wall ; 
whilst the general depth inside the estuary was improved as far as 
the meridian of Hoo Point. The channel, however, above Honfleur 
was not improved, owing apparently to the want of uniformity 
between the directions of the flood and ebb currents in the model. 
The other features remained very similar to the former oase, except 
that the end of the sandbank beyond the breakwater was slightly 
eroded, whilst deposit took place between the extended training wall 
and the breakwator. (Compare fig. 3 with fig. 2 in Plate 2.) 

Scheme 0.—The third arrangement of training walls experimented 
upon in the model was chosen from a design published in 1885.* It 
consisted of an enlargement of the original trained channel below 
Quillebeuf, by a modification of the southern training wall from 
Quillebeuf, and of the northern training wall from Tanoarville, and 
the extension of the northern wall to Amfard and Havre, and the 
southern training wall to Ratier, as shown on Plate 3, fig. 1. The 
trained channel was thus given a curved, gradually enlarging form, 
And was directed into the central channel of the model, between 
Ratier and Amfard, the ViUerville and Havre chaunels being 
practically closed tiear low water. The effects of working the model 
for about 6500 tides with this arrangement of traiuing walls are 
indicated on the chart (Plate 3, fig. 1). The main channel kept near 
the oonoave southern training wall for some distance below BerviUe, 
and then gradually assumed a more central course between the train¬ 
ing walls towards the outlet, passing oat just to the south of the 
Amfard bank. The channel thus formed had a good, tolerably uniform 
depth, together with a fair width, owing apparently to the flood and 
•bb tides produced in the model following an unimpeded and fairly 
similar course. Deposit occurred behind the training walls ou each 
side; and the foreshore advanced in front of Trouville in the modal, 
in consequence of the shutting up of the Yillerville Channel. 

Scheme D. —The* fourth arrangement of training walls adopted in 

* 1 La Seine Maritime efc ton Eituaire, 1 E. Lavoinne, Paris, 1885, p. 140, sad 
* Inttii. Civ. Engin. Proe.,* vol. 84, p. 248, and Plate 4, fig. 9. 
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the model iru selected from the most recent design* proposed by tin 
engineer who had* previously submitted schemes in 1881+ and 1886.$ 
The trained channel was widened out by an alteration of the southern 
wall from Quillebeuf, and the northern wall from T&nnarville, more 
than trebling the width between the training walls at Berville in the 
model; and the walls were extended in sinnous lines to Havre on the 
northern side, and Honfleur on the southern side, as shown on 
Plate 3, fig. 2, thus forming a winding trained channel rapidly 
enlarging near its outlet. The model, with the^e lines of training 
walls, was worked for about 5000 tides, with the results indicated on 
the chart. Deep channels were scoured out close along the inner 
concave faces of the training walls in the model; but shoals appeared 
over a considerable area of the newly trained channol; a bar stretohod 
across the deep channel where it shifted ovor from the south to the 
north training wall, about half way between Berville and Honfleur; 
and a large sandbank, emerging above low water, oacupiod the centre 
of the outlet opposite Honfleur. Deposit also occurred at the sides 
of the estuary behind the training walls. 

As it was of importance to ascertain to what extent accidental 
modifications in the arrangement of the sand in the preparation for 
an experiment might affect the result, the lines of training walls 
described above were inserted a second time in the model, after the 
subsequent scheme £1 had been experimented upon, rendering it 
necessary to replace afresh both training walls, and to remodel the 
sand so as to represent approximately the present condition of tho 
estuary. The model was prepared for this second experiment in the 
usual way, without any special endeavour to secure coincidence with 
the first experiment in the initial arrangement of sandbanks and 
channels. The condition of the low-water channels in the model, 
after working the model with this arrangement of training walls for 
the second tiino for about 5400 tides, is shown on Plate 3, fig. 3. 
The main features of the trained channel in the chnrts of the two 
experiments exhibit a very fair resemblance, considering the modifica¬ 
tions which any alterations in the initial condition might produce, 
and the naturally variable state of the channels in a wide outlet. 
The deep channels reappear in the second chart at the inner concave 
faces of the training walls, with intervening shoals; a large sandbank 
is again visible at low water along the north training wall, opposite 
La Roque and Berville in the model; and the sandbank in the oentve 

• * Deposition do M. Yauthier devant Is Oommusion de* Ports et Yoies Havi- 
gables de Is Ohambre des Dlputfs/ Paris, 1888, p. 17, end Piste 4. 

t. * Rspport sur lee Ameliorations dont sont encore susceptible* Is Seine Maritime 
et son Estuaire/ L. L. Yauthier, Rouen, 1881, p. 46, and Annex 20. 

t 1 Bits h l’Enqutte ouverte sur l'Aieot-projet des Travsux d’ Am£Uontipn v de 
la Basso-Seine, 1880/ L. b* Yatfhier, Paris, Plate 1. 
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of the outlet of the trained channel opposite Honflenr emerges again, 
though smaller in extent owing to alterations in*the channel; and 
the deep place at the end of the southern training wall, dose to 
Honfleur, is the same in both charts. 

Scheme B >—The fifth arrangement of training walls introduced 
into the model was taken from a design* published in 1888, which is 
a modification of a scheme, presented in 1886, by a Committee of 
experts appointed by the French Government to consider the 
question.f In the scheme as laid down in the model, tho trained 
channel in the bend between Quillebeuf and Tanoarville, where the 
depth was greatest, was enlarged in width by sotting, back the 
southern training wall; the original width of * the channel was 
retained at tho point of inflexion opposite Tanoarville, and the 
channel was widened out below La Roque by a modification of the 
lines of both training walls down to Berville. The training walls 
were also extended beyond Berville in sinuous lines, as shown on 
Plate 4, fig. 1, the southern wall being carried down to Honfleur, and 
the northern wall not quite so far. The portion forming the last 
bend of the northern training wall was kept low, whilst the others 
were made high, accordiug to the dosign. Both in this and the 
preceding arrangement of training wells experimented on, the 
expanding trained channel was somewhat restricted in width along 
tho portions near the changes of curvature, to make it conform to 
the principles which experience has laid down for training winding 
rivers in their non-tidal course, as previously mentioned. The resalts 
obtained, after working the model for about 3700 tides, are represented 
on the chart (Plate 4, fig. 1). The channel between the training 
walls was somewhat shallow in places; and though a deep channel 
was formed along the inner concave face of the southern wall 
between La Roque and Berville, a shoal emerging above low water 
appeared along the concave face of the last bend of the northern 
training wall. This bank appeared to be due to the protection the 
extremity of the bend afforded from the action of the flood tide in the 
model; whilst the ebb followed the central flood-tide channel, instead 
of passing over to the concave bank as would have occurred with the 
current of a non-tidal river. The main channel beyond the training 
walls, which, though of fair depth, was somewhat narrow and 
winding, was also unstable; for in the early part of the experiment, 
its outlet was in the central channel between Ratier and Amfard in 

* 4 Be VAmelioration du Fort du Havre et des Panes de la Basse-Seine/ Baron 
Qoinette de Roohemont, Paris, 1888, excerpt 1 Memoirs* del*Social des Ingfedeors 
Civil*, 1 1888, p. 824, Plate 162, fig. 1. 

f 1 Commission d'Htude des Ameliorations A apporter au Port da Havre et anx 
Passes de la Basse-Seine,—Rapport de la Commission/ Paris, 1886, p. 61, and 
chart. 
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the model, whilst at the dose of the experiment it had shifted, as 
shown, to the Havre channel. Accretion occurred behind the 
training walls in the model; and some silting up took place in the 
Villerville Channel and along the foreshoro iu front of Tronville, 
owing apparently to the preference of the main channel for the 
other outlets, and the diminished capacity of the OBtuary resulting 
from accretion. * 

This arrangement of training walls was further investigated by 
working tbo model for about 6300 tides more, with the results shown 
on Plate 4, tig. 2. The chief foatures of the estuary in the model 
showed oi)ly slight changes from the state previously recorded (Plate 
4, fig, 1), with the exception of the main channel which had shifted 
again to the central oatlet; whilst the northern foreshore above low 
water extended over part of the former site of the channel. The two 
Conditions of the estuary, represented by Plate 4, figs. 1 and 2, have 
therefore the interest of exhibiting in the model a shifting channel, 
such as actually exists at the present time in the Seine estuary below 
Berville. 

Scheme F .—The last experiment was made on an arrangement of 
training walls inserted in the model, making the trained channel 
expand as gently as practicable between Aizier and the sea, whilst 
retaining the natural width at tho outlet (Plato 4, fig. 3). This is tho 
form of channel which theory indicates as the most suitable;* for 
whilst it facilitates the influx of the flood tide, it prevents, as far as 
possible, the abrupt changes in the velocity of a river in passing from 
its ostaary to the sea, which are so prejudicial to uniformity of depth 
in a channel. It was therefore of interest to ascertain what results 
would be produced by this theoretical arrangement of training walls 
in the model, which, in order to leave the outlet free, and thus avoid 
favouring a progression of the foreshore outside, had to provide a 
wide channel near Honileur compared with the restricted width 
available at Quillebeuf. The direction of the channel between Aizier 
and Quillebeuf, together with the cliffs bordering tbo river at Quille- 
beuf and Tancarville Points, determined the maximum width obtain* 
able at Quillebeuf, and the direction of the channel from Aizier to 
Tancarville; and the extension of the training walls in the model 
from this point was regulated by the necessity of passing close to 
Honfleur at the south, and not impeding tbe approach to Havre on 
the north. The effects produced in tbe model by working with this 
arrangement of training walls for about 7300 tides are indicated on, 
the chart (Plate 4, fig, 3). The southern training wall was kept 
above high-water level all the way to its termination at Honfleur in 
the model, but tbo northern training wall was gradually reduced in 
height from nearly opposite Honfleur towards Havre. The trained 
* ' Hirers and Cassis/ L. P. Vernon-Harcourt, p. 236. 
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channel had a good 'width at low water throughout, in spite of the 
distance apart of the training walls in the mode], the whole channel 
being below low-water level, except near the southern wall between 
Berville and Havre, and against the northern wall nearly opposite Hoc 
Point, whore banks emerged slightly above low water. The channel, 
moreover, was distinctly, though slowly, improving with the con¬ 
tinuance of the working, and the banks diminishing. There waB also 
a fair depth in the channel, the shallowest place being opposite 
Borrille, whilst a deep place was formocVjust above, near the southern 
wall between La Roque and Berville. The depth in all the outlet 
channels was well maintained; and though deposit naturally took 
place behind the northern training wall, no accretion was visible 
along the foreshores outside. 

Considerations affecting Experimental Training Works . 

The value of experiments resembling those just described depends 
entirely upon the extent to which they may bo regarded as producing 
effects approximately corresponding, on a small scale, to those which 
training works on similar lines, if carriod out in an estuary, would 
actually produce. If the effects of any training works could be 
foreshadowod by experiments in a model, the value of such experi¬ 
ments, in guiding engineers towards the selection of the most suitable 
design, could not be overestimated. 

Some of the influences at work in an estnary cannot possibly be 
reproduced in a model—such as winds and waves. Winds coming 
from different quarters arc variable in their effects; but the direction 
of the prov&iiing wind indicates the line in which the action of the 
wind has most influence, which may be exerted in reinforcing the 
flood or ebb currents, and may aid or retard accretion by blowing the 
silt-bearing stream more into or out of the estuary. Waves are the 
main agents in the erosion of cliffs along open sea-coasts, and is 
stirring up sand in shallow places; and the material thus put in sus¬ 
pension may be transported by tidal currents, aided by wind, into an 
estuary, and be deposited under favourable conditions. These circum¬ 
stances affect the rate of accretion, which cannot be investigated 
experimentally, as it is impossible to reproduce in a model the propor¬ 
tion of silt in suspension, which, moreover, varies in any estuary with 
the state of the weather and tide, and the volume of fresh water 
discharged. Inside an estuary, also, waves in storms may erode the 
shores at high tide, &*d modify the low-water channels; but the first 
effect is very gradual, and the second is intermittent—only occasionally 
occurring. 

The main forces acting in any tidal estuary arc the tidal ebb and 
flow and the fresh-water discharge, which are constantly at work; and 
they regulate the size of the channels in an estuary, and for the most 
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part their direction, as well as the limits of accretion. These are the 
forces which can be reproduced in miniature in a model, as proved bj 
the close concordance in the channels obtained by experiment with 
the actual conditions of the Mersey, and with a previous state of the 
Seine estuary; and this similarity of results would not have occurred 
if the other influences noticed above were at all equally potent. 

Training walls mainly modify the direction and action of iho tidal 
ebb and flow and fresh-water discharge; and, therefore, it is reasonable 
to suppose that the results in a model, due to these alterations, would 
correspond to their actual effects in an estuary, provided the important 
element of Accretion could be also reproduced. This was satisfac¬ 
torily accomplished in the socond stage of the investigation, proving 
that the miniature influences produced in the model corresponded, in 
this case also, with the forces acting in the estuary. Accretion is 
promoted by training walls in an estuary where matter is carried in 
suspension; but the action of waves in modifying tho channels is 
stopped by the intervention of training walls. Accordingly, the 
farther tho training walls are extended, and the more an estuary is 
protected by works such as those indicated in Plate 2, the more is 
the modifying influence of waves eliminated, and therefore the more 
are experiments in a model likely to correspond with the conditions of 
estnaries under similar conditions. 

Other considerations also ufford grounds for supposing that the 
effects observed with training walls in a model fairly correspond with 
the results which suoh works would produce in an estuary. The 
charts of the experiments show that definite results followed from 
certain lines inserted in the model, and that modifications in these 
lines were followed by modifications in the results. (Compare Plate 2, 
figs. 1, 2, %nd 3, and Plate 3, fig. 2, with Plate 4, tig. 1.) Moreover, 
the results produced with tho model agree vety closely with the 
results which, in the two earliest schemes experimented upon, it was 
stated, before the experiments were begun, would follow, if tho works 
indicated by lines in the charts were actually carried out in the Seine 
estuary.* 

* Compare the observations relating to Scheme A and Plato 2, fig, 1, with the 
following extract from * Instit. Civ. Kngin. Proc.,’ voH 84, p. 356:—"The narrowing 
of the mouth of the estuary of the Seine would at first promote scour, and increase 
the depth in that part of the channel, and for a little distance above and below. 
This contraction, however, would impodo tho influx of the flood tide, and cause 
changes in the velocity of tho current through the narrow nook, and in the wide 
■estuary above, promoting the deposit of silt brought in by the tide. This accretion 
would be greatly aided by the prolongation of the training walls to Hon flour, so 
that eventually the greater portion of the estuary comprised between TancarrUle, 
Hoc Point, and Honfleur would bo raised to high-water level. This large reduction 
in tidal capacity would reduce the tidal current through the narrowed entrance, and 
consequently diminish again the depth in tho ehanusl. Moreover, this reduction of 
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It would be impossible to determine by experiment the timo any 
changes in an estuary would occupy. The figures, in fact, giving 
the number of tides during which each experiment was worked, are 
not even intended as an indication of the rate of change in the model, 
and much less as any measure of the period required for such changes 
in an estuary, but merely as a record of the comparative duration of 
each experiment. It was observed, however, that the changes were 
most rapid whore the modifications effected by the lines of walla 
inserted in the model were greatest (Plate 2), and slowest where the 
lines in the model produced the least alterations. (Plate 3, fig. 1, 
Plate 4, tig. 3.) 

Principles for Training Tidal Elvers deduced from Experiments . 

The foregoing investigations, viewed merely as experiments, with¬ 
out any reference to their bearing on the Seine, may servo for 
indicating some general principles applicable in training tidal rivera 
through wide estuaries. Direct experiment for each estuary is 
undoubtedly preferable to abstract reasoning, where such experiment 
is possible, as it reproduces the special conditions of the estuary to he 
investigated. Nevertheless, general principles may be of value in 
guiding the choico of designs to bo investigated, so as to avoid waste 
of time in testing unfavourable schemes, and also in cases where the- 
conditions of an estuary are not sufficiently known to afford a correct 
basis for experiment. 

The experiments may be divided into three classes, namely:— 

(1.) Outlet of estuary considerably restricted, and channel trained 
inside towards outlet. (Plate 2.) 

(2.) Channel trained in sinuous lino, expanding towards outlet, 
but kept somewhat narrow at changes of curvature. (Plate 3, figs. 2 
and 3, and Plate 4, figs. 1 and 2.) 

(3.) Channel trained in as direct a course as practicable, and 
expanding regularly to outlet. (Plate 3, fig. 1, and Plate 4, fig. 3.) 

The experiments of the first class exhibited a deep outlet, and a 
fairly continuous channel inside, where the tracing works were pro¬ 
longed to the outlet. The channel, ho wo very was irregular in depth 

tidal flow in and out of the lower estuary would favour the natural heaping-up 
action of the sea on the sands outside; so that eventually, not only would the initial 
deepening of the narrowed outlet be lost, but the good depths in the bay outside the 
estuary would be imperilled.’* 

Compare also Plate 3, fig. 1, wi& tlft'flowing extraot from ' Instit. Civ. Kngin. 
Pfoovol. 84, p. 260:— 11 The oW§a^nsly conoave southern training wall, whilst 
very favourable to Honfleur, wjftf'l&jlduly keep the ebb current to that side, and 
therefore away from Havre. Also, the extension of the wail along the Batier Bank 
will act like a groyne, and, arresting the silt-bearing southern current, will connect 
Trouville Bank with the shore, and lead to a large aooumulation of deposit in front 
of Trouville .... and also the low walls proposed will not prevent accretion/* 
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near the outlet; and a bar appeared in fro at of the outlet outside. 
The breakwater also, extending across part of the outlet, favoured 
deposits both inside and outside the estuary, by producing slack water 
in the sheltered recesses. 

The second class of trained channel was designed to profit by the 
soour at the concave face of bends, so clearly exhibited at the first 
bend of all the charts, and to continue the depth thus obtained by 
restricting the width between the bends, on the principle adopted for 
winding non-tidal rivers. Experiment, however, did not bear out the 
advantages anticipated from this system, probably owing to the variable 
drection of the flood tide at different heights of tide, its being checked 
in its progress by tho winding course, and not acting in unison with 
the ebb from the difference in its direction and the width of the trained 
channel near the outlet. The main stream in a non-tidal winding 
river always follows a tolerably definite course; whereas the flood 
tide tends gradually, as it rises, to assume as direct a course as 
possible. The difference, therefore, in the conditions of a non-tidal 
and tidal river, in this respect, is considerable. 

The third class of trained channel afforded a wide, tolerably uniform 
channel in the experiments; the flood tide was less impeded in its 
progress than with the other forms of training walls, and appeared to 
act more in concert with the ebb. 

The experiments, accordingly, indicate that tho only satisfactory 
principle for training rivers, through wide estuaries with silt-bearing 
currents, is to give the trained channel a gradually expanding form, 
with as direct a course as possible to the outlet. The rate of increase 
of width between the training walls must bo determined by the special 
l^ditions of the estuary. If the outlet is very wide, and the gradual 
expansion in width cannot bo commenced a considerable distance up 
OH estuary, some restriction in width at the outlet may be expedient 
% avoid a too rapid expansion. It is evident that the widening out 
adopted in the last experiment (Plato 4, fig. 3) was carried to its 
utmost limits, from the continuance of sandbanks inside tho trained 
channel, and that, regarding merely the improvement of the 
ohannel, it might have been preferable to restrict its width at the 
outlet as effected in Scheme C (Plate 3, fig. 1). At the same time, it 
must not be inferred, from tbe existence of these sandbanks, that the 
distance apart of the training walls was much too great in the last 
experiment; for the width apart of the training walls necessitated 
the inclusion of a greater extent of sandbanks within the trained 
ohannel at the outset, and also rendered the rate of improvement in 
the channel more gradual, so that the improvement in the channel 
both in direction and depth was still progressing at the close of the 
experiment, and the sandbanks in the channel were in process of 
removal, and not being formed* The choice in such cases, where the 
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widening out cannot be commenced far up, appears to lie between the 
utmost improvement of the channel at the expense of accretion on 
the foreshores outside, and the maintenance of the depths over the 
foreshores beyond the outlet accompanied with a somewhat less good 
channel in the estuary. In some cases, deposit on the foreshores 
at the side beyond the outlet might be of no importance, and then the 
river channel should be primarily considered; but if, on the contrary, 
aooretion on the foreshores outside is undesirable, the outlet must be 
maintained by a greater widening out of the training walls. The 
actual direction of the training walls must be determined, in each 
case, by the general direction of the channel above, the situation of 
ports on the estuary, the position of the outlet, and the set of the flood 
tide at the entrance. 

Concluding Remarks. —In terminating this record of my investiga¬ 
tions, and the general principles for training works which they seem 
to indicate, I desire to acknowledge the care with which my assistant, 
Mr. E. Blundell, has carriod out the tedious task of working the tides 
in the model, and prepared the charts of the experimental results from 
which the illustrations accompanying this paper have been drawn out. 
Eddies at sharp edges, duo to distortion of scale, appear to have ex¬ 
cessive scouring effect in a model; whilst the action of the more 
regular currents exhibits a deficiency in scouring pdwer, as previously 
noted. Though the actual depths of the channels, however, are too 
small for the distorted vertical scale, reliance, I think, may be placed on 
tbe general forms and relative depths of the channels obtained in a 
model. It is possible that the inadequate depth might be remedied by 
the employment of a finer or lighter material for forming the bed of 
the model, or by using a liquid of greater density than water; but 
sand and water have the unquestionable advantage of being the 
substances which actually effect the changes in estuaries. 
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Although the cranial nerves of Hexanchu6 y Eckinorhinus, and 
Scyllivm have been fully described, and the segmental value of the 
nerves of Elasmobranch fishes repeatedly considered, tbe nervous 
system of Lamargus has hitherto escaped notice. This is probably 
to be accounted for by anatomists taking for granted that Lcemargus 
agreed in the arrangement of its nerves with Echinorhinu* and other 
SpinaddcB. 
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I hare not yet hod an opportunity of comparing Lmmargus with 
either Hexanckus or BcKinorhinus, but I hare satisfied myself that the 
accounts given of the cranial nerves Of these forms are not applicable 
in several important respects to the cranial nerves of Lcmargus, nor 
yet to the nerves of the common skate ( Raia batis). Further, I find 
that when, having mastered the arrangement of the cranial nerves of 
Lamargus and Eaia, one turns to Petromyzon , ScyIlium, Galeus, and 
other familiar forms, it is impossible to acoept many of the statements 
hitherto made as to the nature, distribution, and segmental value of 
the cranial nerves of vertebrates. 

In this preliminary communication I propose to describe shortly 
the cranial nerves of Lcmargus and Bata, reserving for a future 
paper a comparison between the nerves of Lcmargus and other 
Elasmobranohs, and the consideration of the segmental value and the 
more important modifications of the cranial nerves in the chief sub- 
divisions of the vertebrate group. 

I. The Cranial Newcs of Lwmargns. . 

As the olfactory and optic nerves closely resemble those of 
Hexanchus , it is unnecessary to refer to them in this preliminary note, 
and instead of beginning, as is usually done, with the oculo-motor, I 
shall first describe the ophthalmicus profundus. 

1. The Ophthalmicus Profundus .—This nerve has usually been said 
to belong either to the oculo-motor or to the trigeminal. It presents 
,a root, more or less distinot, a root ganglion, and a trunk which gives 
off a number of well-marked branches. Although the segmental 
y value of the ophthalmicus profundus need not now be discussed, it 
may be mentioned that since van Wijhe demonstrated that it 
possessed a ganglion, its right to rank as a separate cranial nerve has 
been deemed worthy of consideration. Although Marshall and 
Spencer concluded that there was nothing in support of the view that 
the root of this nerve belonged to the trigeminal, and believed that its 
trunk was a branch of the oculo-motor, Gegenbaur has recently 
stated that he considers the ophthalmicus profundus with its ganglion 
as part of the trigeminal. Very different views have been held 
as to the ganglion of the ophthalmicus profundus. By Marshall 
and Spencer the ganglion was said to belong to the oculo-motor, 
and was identified as the oiliary ganglion. Beard, on the other 
hand, considers the ganglion of the ophthalmicus profundus as 
homologous with the Gasserian ganglion, while be thinks the oiliary 
ganglion probably corresponds to a sympathetic ganglion. Believing, 
with van Wijhe, in the possible existence of two ganglia, one otf the 
ophthalmicus profkndos and one (the ciliary) in connexion with the 
oculo-motor, Beard has given to the ganglion of the ophthalmicus 
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profundus the name of meao-cephalie. Ho further states that there 
can be no doubt that the ciliary (an distinguished from the fOttla- 
cephalio) ganglion of lower vertebrates is exactly homologous with 
the ciliary ganglion of mammals. 

The ophthalmicus profundus nerve (J, fig. 1) m Lcemargut arises by 
several rootlets (2—5) from the side of the medulla immediately in 
front of the main root of the trigeminal, and runs outwards in contact 
with the anterior surface of the trigeminal to enter the targe foramen 
vtrhich serves for the passage of the trigeminal, and the anterior 
portions of what may best be known as the facial complex. As the 
ophthalmicus approaches the foramen it partly blends with the trige- 
minal, and while in the foramen it communicates with this nerve by 
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several small brandies. On escaping from the cranial wall the 
ophthalmicus profundus separates from the trigeminal and presents a 
slight swelling, the meso-cephalio ganglion (Beard), or ciliary gan¬ 
glion (Gegenbaur and others). This gunglion lies dorsal to, but only 
very slightly in front of, the large Gasserian ganglion of the trige¬ 
minal (3, fig. 1). From the ganglion the trank extends forwards over 
the external rectus muscle to pass under the rectus superior towards 
the eyeball, from which it bends inwards between the superior obliquo 
and internal rectus muscles, to reach the snout by penetrating the 
pre-orbital process of the eranium. 

The more important branches of the ophthalmicus profundus are 
(1), a small branch which passes outwards above the superior rectus 
muscle; (2), two or three ciliary branches (ct., fig. 1), which run 
forwards under cover of the rectus superior to enter the eyeball—to 
these ciliary branches delicate filaments pass from the deep branch 
of the oculo-motor; (3), small branches which pass outwards iu 
front of the eyeball; (4), branches to the skin, and subcutaneous 
tissue of the snout and to the rostral cartilage. I have been unable to 
trace any branches from the ophthalmicus profundus to either the 
muoous canals or the ampulla of the sensory tubes: long and slender 
branches, however, seem to be distributed to the tubes which extend 
from the ampulln to open through the akin. 

2. The Oculo-motor Nerve .—Although this nerve does not necessarily 
stand in the same relation to the ophthalmious profundus as does the 
ventral root to the dorsal root of a spinal nerve, it will be con¬ 
venient to deal with it before considering the trigeminal. The oculo¬ 
motor has been ranked very differently by different observers. 
Marshall and Spencer considered it of segmental value, and Gaskell 
has recently stated that it retains in its root vestiges of a ganglion. 
Van Wijhe looks upon the oculo-motor as forming the ventral (motor) 
root of the ophthalmious profundus, whilst Gegenbaur neither admits 
that it has the rank of a segmental nerve nor feels satisfied that it 
represents the ventral root of the ophthalmicus profundus. 

The oculo-motor (2, fig. 1) in Lcemanjus arises by a number of 
delicate rootlets (5—7) from the nuder-surfaco of the mid-brain, on 
a level with the posterior end of the optic lobes and in line with the 
abducens and spinal nerves. Passing outwards it escapes from the 
cranial cavity by a special foramen, and bends round the orbital pro¬ 
cess of the palato-pterygoid arch to reach the rectus superior, where 
it divides into a superficial and a deep branch, Tho superficial 
supplies the superior and internal recti muscles, the deep branch 
passing under the rectus superior sends filaments to the inferior 
rectus and,inferior oblique muscles, and, as it runs over the pedicle, 
it sends one or two exceedingly delicate twigs to the oiliary brauches 
of the ophthalmious profundus. I have been unable to find any 
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ganglionic cells that might represent a root ganglion in any part of 
the oculomotor nerve or any representative of a ciliary ganglion, in 
addition to the ganglion of the ophthalmicus profundus, or even any 
communication between the oculomotor nerve and the ganglion of 
the ophthalmicus profundus, which has apparently been often de¬ 
scribed as the ganglion of the oculomotor nervo, t'.e., as the ciliary 
ganglion. 

3. The Trigeminal Nerve .—Hitherto anatomists have, with few 
exceptions, described the trigeminal nerve as arising in Elasmobranchs 
by several roots, but there has seldom been complete agreement ns to 
either the number or position of the roots, and hence great confusion 
has arisen. Marshall and Spencer did much to remove this con¬ 
fusion by showing that tho so-called dorsal root of the trigeminal 
undoubtedly belonged to the facial. They described the trigeminal 
as arising by a small anterior non-ganglionio root and a large posterior 
ganglionic root. Their small anterior root evidently corresponds to 
the root of the ophthalmicus profundus, tho ganglion of which they 
transferred to the ooulo-motor. 

In Ltemargus the origin of the trigeminal (3, fig. 1) is easily 
made out. When the rootlets of the ophthalmicus profnndus are 
removed, tho trigeminal is found to spring from the side of the 
medulla by a single large root (the posterior root of Marshall and 
Spencer), which lies in a line with tho ventral roots of tho facial 
complex. The root of the trigeminal passes forwards and, blending 
with the ophthalmicus profundus, enters tho foramen under cover of 
two of the subdivisions of the facial complex, viz., the ophthalmicus 
superficialis and buccal. As it passes through the foramen it pre¬ 
sents a distinct swelling—tho Gasserian ganglion. The trunk of the 
nerve at once divides into two large branches—the maxillary and 
mandibular. A third but slender branch (the superficial ophthalmic 
branch of the trigeminal) springs either from the trunk or from the 
mandibular. Two very Blender nerves, which leave the root as it 
crosses the cranial cavity, pass upwards through the walls of the 
cranium towards the skin in front of the ear capsule. 

The branches of the trigeminal are : (1) the superficial ophthalmic 
which runs first along the inner and then obliquely over the upper 
surface of the ophthalmiens superficialis of the facial complex, to 
pass through a special canal in the pre-orbital cartilage and send 
branches to the subcutaneous tissue of' the snout, especially in front 
of the prcorbital process. (2) The maxillary branch. This nerve 
runs forwards and outwards under the eye muscles, dividing on the 
way into branches, which reach the under surface of the snout 
and terminate in the vicinity of the anterior labial and palato-ptery- 
goid cartilages. The trunk and its various branches are intimately 
related to the buccal subdivision of the facial complex. (8) The 



On the Cranial Nerve* of Elamolranch Fishes. 529 

mandibular branch. This large nerve Brat gives off a number of small 
twigs which pass nnder the buccal division of the facial to assist in 
supplying the muscles in front of the spiracle. It then divides into 
branches which pass forwards and outwards supplying the mandi¬ 
bular and other muscles, and finally sends branches to the skiu in the 
vicinity of the mandibular arch and the posterior labial cartilage. 
Some fibres from both the maxillary and mandibular nerves penetrate 
between the sensory tubes, and lie in close contact with the mucous 
canals, bnt in no case have l found them terminating in the ampull© 
or penetrating the mucous canals to end in the sensory tissue lodged 
in their cavities. 

The Facial Complex .—In describing the cranial nerves of Hexanchus, 
Gegenb&ur considered the trigeminal and facial nerves as forming a 
single group, and he included amongst the roots of the trigeminal 
the roots of two nerve9 (ophthalmicus superficial is and buccal) now 
all but universally acknowledged as belonging to the facial. 

While in tho higher vertebrate the trigeminal nerve is of far more 
importance than the facial, in the lower fishes it is otherwise; for 
while the trigeminal proper consists of but a single root the so-called 
facial is made up of three large roots, one of which seems to be 
double. Hence, instead of grouping the trigeminal and facial nerves 
together, it will bo more convenient to considor the facial nerves by 
themselves and speak of them as tho facial complex. This complex 
includes four separate nerves, viz., (1) the ophthalmicus supcrficialis, 
(2) the bucoal, (3) the palatine, and (4) the hyomandibular. In the 
meantime it is only neoessary to mention that the enormous develop¬ 
ment of the so-called facial is owing to the presence of a complex 
system of lateral sense organs—sensory tubes and mucous canals. 

4, The Ophthalmicus Superfidali*. —This nerve (4, tig. I) arises by a 
largo root from the so-called trigeminal nucleus which occupies the 
most dorsal portion of the medulla. Tho root, in a large fish, lies on a 
higher level (by about 4 mm.) than the other roots of the facial 
complex, and it is also the most posterior root, t.e., the furthest from 
the snout. Arising far apart from the other divisions of tho facial it 
runs forwards and then bends downwards to reach the buccal nerve, 
with which it freely communicates as it passes through the cranial 
walls at a higher level than the trigeminal and ophthalmicus pro¬ 
fundus. Immediately beyond the walls of tho cranium it presents a 
ganglionic swelling, which consists of large bipolar cells, similar to 
those of the Gasserian ganglion. The main trunk of the nerve then 
arches round the conical orbital procoss of the p&lato-pterygoid arob, 
and extends forwards above the eye muscles to send branches to the 
sensory tubes and mucous canals of the snout. 

In LcBmargue the ophthalmicus superficialis of the facial supplies 
(1) the ampull© of the sensory tubes on the dorsal aspect of the snout, 
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and (2) the cranial, rostral, subrostral, and nasal mucous canals* 4 
These canals are described by Garman, one of the latest writers on 
the subject, as being supplied by the trigeminal. It may be men¬ 
tioned that the minute brauches for the cranial canal Bpring from the 
trunk of the nerve as it p&sseB through the orbit and reach the surface 
by piercing the cartilage of the roof of the orbit at short and nearly 
regular intervals. A remarkable bundle of fibres runs obliquely 
across the upper border of the ophthalmicus Buperficialis at its origin, 
and reaching its anterior surface turns abruptly downwards to lie first 
in'front of and afterwards under the buccal nerve. These fibres then 
form a plexus from which numerous twigs proceed to tho conjoined 
roots of the hyomandibular and palatine nerves; they probably even¬ 
tually reach and end in ampulla and mucous canals. 

5. The Buccal Nerve .—This nervo (5, fig. 1) springs by a largo root 
from the side of the medulla, behind and on a slightly higher level 
than the root of the trigeminal. As tho root passes outwards, it lies in 
the groove formed by the roots of the trigeminal and the posterior 
portion of the facial complex. After communicating freely with the 
ophthalmicus superfici&lis, it escapes with it through the* cranial 
walls. Leaving the ophthalmicus ’superficialis, it comes into close 
contaot with the outer surface of the Gasserian ganglion, and then lies 
between the maxillary and mandibular branches of the trigeminal. 
As the bnccal nerve loaves the Gasserian ganglion, it presents a 
distinct swelling which is crowded with large bipolar cells. This 
may be called tho buocal ganglion. The buccal nerve beyond the 
ganglion comes into intimate relation with the maxillary nerve, and 
as it. runs forward under the contents of tho orbit, it breaks up into 
branches which eventually reach the ampull® and mucous canals of 
the snout not supplied by tho ophthalmicus superficialis. The buccal 
nerve also sends branches to the anterior portion of the occipital 
mucous canal, and to the posterior part of tho cranial mucous canal, 
and it sends a branch backwards which disappears under the hyo- 
mandibular cartilage. Further, by means of branches which run 
outwards, behind or under the contents of the orbit, the buccal 
nerve supplies the orbital and suborbital canals, apparently without 
any assistance from tho maxillary and mandibular branches of the 
trigeminal. 

The Palatine and Hyomandibular Nerves .—These nerves arise by a 
large rabt which lies between the trigeminal and auditory nerves, and 
partly under cover of the buccal nerve. This root is augmented by 
fibres from the plexus which, as mentioned above, is formed in con¬ 
nexion with the bundle of fibres that arches downwards from the 
ophthalmicus superficialis. Having received these additional fibres, 

•>The* names used for the mueous canals are those of Agassis as modified by 
Gttriflftan. 
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the common root arches backwards, and enters a large foramen along 
with the auditory nerve. Leaving the auditory, it runs forwards 
through a canal in front of the auditory capsule. Having proceeded 
some distance (about 5 cm. in a largo fish), it divides into two branches, 
a largo branch (the hyomandibular) that proceeds outwards behind 
the spiracle, and a smaller branch (the palatine), which bends down¬ 
wards towards the roof of tho mouth. When the common trunk of 
these nerves is carefully studied, it is found to consist of two separate 
bundles, a small bundle which seems to be continuous with the 
palatine nerve, and a larger bundle which is continuous with the 
hyomandibnl&r nerve. At the point of bifurcation there is a large 
collection of ganglionic colls, some of which lie in tho palatine nerve 
and may be known as the palatine ganglion. Farther, the two 
nerves are connected in front of the apparently compound ganglion 
by a number of fibres which have a somewhat plcxiform arrange¬ 
ment. 

6 . The Palatine Nerve. —This nerve (6, fig. 1) at once gives off a 
number of branches (prespiracular) which are distributed to the 
tissues in front of the spiracle. The main trunk sends numerous 
branches to the roof of the month. Continuous with what may be 
known aa the root of tho palatine nerve, a distinct bundle of fibres 
runs outwards under the hyomandibular nervo (from which it receives 
one or more small branches), and passing over the hyomandibular 
cartilage, runs forwards to end in the fold of mucous membrane lying 
between the hyoidean and mandibular cartilages. I look upon this 
long slender nerve as corresponding to the chorda tympani of higher 
vertebrates. 

7. Ttye Hyomandibular Nerve .—This norvo (7, fig. 1) which increases 
immensely in size, beyond the ganglion, is chiefly concerned in supply¬ 
ing the Iaige group of ampulloe that lies external to the spiracle, but 
it also supplies the mucous canals not already referred to, with the 
exception of the aural mucous canal and the canal of the lateral line. 
It further sends a branch backwards to muscles lying over and within 
the hyomandibular cartilage and the branchial apparatus. 

In describing the facial ccfraplex, I have referred to a special 
ganglion on the ophthalmicus superficialis, to another on the buccal, 
and to a compound ganglion in connexion with tho hyomandibular 
and palatine nerves. Gegenbaur considers the palatine nerve of Elas- 
mobranchs as homologous with the groat petrosal nerve of mynmals. 
If this comparison holds, which I have every reason to believe it will, 
the interesting question arises—Is there any relation between the 
palatine ganglion of the Elosmobranch and the spheno-palatine gan¬ 
glion of the mammal P And this leads to the further question— 
Are the ganglia of the ophthalmious superficialis, buccal, and hyoman¬ 
dibular nerves related to the geniculate, otio, and submaxQlary ganglia 
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of the higher vertebrates ? These and other questions I shall hope 
to deal with in a future paper. 

8. The Trochlearia Nerve .—This nerve (8, fig. 1) arises from the Bide 
of the brain immediately behind the optic lobe. It passes forward and 
upwards to pierce the cranium a considerable distance in front of the 
oculo-motor, it then dips downwards and outwaxds under the ophthal¬ 
micus superficialis to supply the superior oblique muscle. I have 
been unable to find any sensory branch passing from this nerve in 
Lcemargusi and in no part of its longth does it contain ganglionic 
cells. 

9. The Ahducens .—This nerve (9, fig. 1) has a striking resemblance 
to the anterior spinal nerves. It arises by three or four extremely 
slender rootlets which are in a line with the rootlets of the oculo¬ 
motor in front and the spinal nerves (ventral roots) behind. The 
rootlets unite to form a trunk which at first lies midway between tbe 
auditory and glossopharyngeal nerves. The trunk proceeds forward 
aud perforates the cranial wall to reach and supply the external rectus 
muscle. The abducens nerve, like the oculo-motor and trochlearis, is 
devoid of ganglionic cells. It cannot be said to be specially related to 
the facial complex—to form as has been suggested its motor root. 

10. The Auditory Nerve .—The auditory nerve (10, fig. 1) lies imme¬ 
diately behind and slightly ventral to the common root of the ventral 
portion of the facial complex. It runs outwards behind these nerves 
and enters the same cranial canal and at once divides into branches 
for the auditory apparatus. Although there is no distinct swelling, 
the root, some distance from its origin, is crowded with ganglionic 
cells. 

11. The Olossopharyngeal Nerve .—This nerve (11, fig. 1) hqs been 
long considered one of the most primitive and typical of the cranial 
nerves. It arises from the side of the medulla in front of and in a line 
with the rootlets of the middle portion of the vagus, but under cover 
of tbe anterior portion of the vagus. The number of rootlets varies, 
but there is usually one largo rootlet and two or three slender ones, and 
it reoeives a twig from one of the rootlets of the anterior portion of 
the vagus. The rootlets together form a small rounded nerve, which 
passes backwards and outwards through a special canal under the 
auditory capsule to reach and give two large branches (pre- and post- 
branchial) to the walls of the first true branchial cleft and a small 
brandy (pharyngeal) to the pharynx. When midway through the 
walls of the cranium it presents a distinct trolling which is crowded 
with ganglionic cells. Immediately btjtt&d the ganglion a small 
dorsal branch takes its origin, Which passes upwards through the 
cranium to reach the skin over the auditory region. Apparently this 
dorsal branch does not assist in supplying either mucous canals or 
seusdry tubes. 
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The Vague Complex. —The vagus has been long held to represent a 
large number of nerves which, in most vertebrates, gradually coalesced 
as the branchial region became reduced in size or otherwise altered. 
Balfour states that the vagus arises in Elasmobranchs by four gan¬ 
glionic roots, while more 'recently Beard and van Wijhe agree in 
describing the vagus as first appearing in the form of an unsegmented 
band which later blends with an epiblastic sensory thickening above 
the four posterior branchial clefts. The nerve for the second true 
branchial cleft is said, at fin early period, to separato from this mass 
and develop a ganglion. Later the three posterior branchial nerves 
appear, but for these it is said there is usually only a single ganglion 
which, however, ventrally M shows a division into three portions.” 
While the anterior portion of the vagus is described as supplying the 
second branchial oleft, the nerve to the lateral line is described as 
arising us a secondary formation from the epiblastio sensory thicken¬ 
ing above mentioned. The lateral line nerve is usually described us 
springing from the common trunk, but Balfour, impressed with the 
importance of this nerve, says it “ may very probably he a dorsal 
sensory branch of the vagus.” That this surmise is practically correct 
will appear from what follows. 

In L&margus the vagus complex (12, fig. 1) arises by numerous 
rootlets disposed in three separate groups, an anterior group including 
two or three rootlets, a middle consisting of over twenty, and a pos¬ 
terior group of five or six rootlets. Hitherto the anterior portion of 
the vagus has been usually spoken of as Vagus I, or the reive of the 
second branchial (first vagus) cleft. In Lcemargus the anterior divi¬ 
sion of the vagus appcai-s to be almost entirely concerned in supplying 
the mucous canal of the lateral line, and hence it may lie known as 
the lateralis nerve, or nerve of the lateral line. Its right to be con¬ 
sidered as a special nerve becomes all the more evident when it is 
mentioned that in some, if not all cases, it presents a ganglionic swell¬ 
ing. The lateralis nerve (Z, fig. 1) seems in many respects comparable 
to the ophthalmicus superficial is of the facial complex, and like this 
latter nerve it springs from the side of the medulla on a higher level 
than the other divisions of the group to which it belongs. In several 
cases I have found it arising by one largo root and a small accessory 
rootlet dorsal to and slightly in front of the roots of the glosso¬ 
pharyngeal. Having sent a twig from its small rootlet to the glosso¬ 
pharyngeal, it extends backwards to enter and traverse with tj^e rest 
of the vagus the long cranial canal that runs backwards and out¬ 
wards behind tho auditory capsule. Soon after entering the canal it 
seems to blend with the rest of the vagus, but with care the whole or 
at least most of the fibres springing from above the glossopharyngeal 
oan be shown to be directly continuous with the nerve of the lateral 
line* Soon after entering the eanal it gives off a slender branch which, 
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leaving the lateralis, arches upwards to supply the aural. mucous 
canal and the anterior portion of tho canal of the lateral line. Before 
escaping from the cranium the lateralis gives off another slender 
branch which is distributed to the succeeding portion of the lateral 
line. The rest of the lateral lino is supplied by numerous slender 
fibres which spring from tho lateralis as it passes backwards towards 
tho tail. 

In addition to the lateralis there are five other nerves in LwmarguH, 
belonging to the vagus complex, viz., an intestinal and four branchial 
nerves. The first branchial nerve (the Vagus I of most authors), 
which is made up of the rootlets which lie immediately behind the 
root of the glossopharyngeal nerve, lies at first in close contact with 
the lateralis. This nerve (2&, fig. 1) presents a distinct ganglionic 
swelling as it passes through tho vagus canal. Before escaping from 
the canal it breaks up into the three characteristic branches—post- 
and pre-branchial and pharyngeal. The three posterior branchialu 
(3—5 b , fig. 1) and the intestinal (*, fig. 1) are derived from tho 
common trunk. This trunk contains numorons ganglionic cells. In 
a large fish the compound ganglion (g, fig. 1) may reach a length of 
six or seven inches. Each of the branchials gives off the three 
usnal branches, while the intestinal passes backwards towards the 
intestine and other structures. From tho oommon trunk threo or 
four slender filaments which extend outwards at a deeper level than 
the branches of the lateralis may represent dorsal branches of the 
posterior branchial nerves. It may be added that the vagus complex 
has no ventral roots; the so-called ventral roots of the vagus re¬ 
present spinal nerves which have probably lost their posterior roots. 
In their distribution these nerves (1—2 ap., fig. 1) agree with spinal 
rather than with oranial nerves; two of them penetrate the occipital 
region of the skull on their way to the surface. 

II. The Cranial Nerves of Raia batis. 

The crania} nerves of tbe skate, with the exception of those belong¬ 
ing lo the vagus complex, closely resemble the corresponding nerves 
of Lcemargu8t hence, with the exception of the vagus, little more » 
Hftoessary in the meantime than a Bhort reference to their respective 
ganglia. 

1. The Ophthalmicus profundus.—The root of this nerve (1, fig. 2), 
in Raip is more intimately connected with tho root of the trigeminal 
than in Lcemargu*. Tbe position and relationa l the ganglion are of 
special interest. In Lmmargus the ganglion of the ophthalmicus pro¬ 
fundus was situated some distance behind, and it had no connexion 
with, the oculo-motor nerve. In Raia the ganglion of the ophthalmicus 
profundus lies some distance in front of the Gasserian ganglion, partly 
under cover of the rectus superior muscle and over the deep branch 
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dff tli© oculo-motor. Further, the ciliary nerves, instead of springing 
from the trank of the nerve some distance in front of the ganglion, 
as in Laemargus , usually spring from the under surface or outer 
margin of the ganglion, and hence the branches (ciliary) of the 
oculo-motor nerve, in passing to join the ciliary branches of the pro¬ 
fundus, have to pass under the ganglion of the ophthalmicus pro¬ 
fundus ; the ganglion of the ophthalmicus profundus thus seems to 
be in a sense connected with the oculo-motor nerve, which doubtless 
explains why so many observers have described the ganglion of the 
ophthalmicus profundus as belonging to the oculo-motor. Were the 
root and trunk of the ophthalmicus redaoed to slender filaments, the 
conditions found in some of the higher vertebrates would be arrived 
at, and the ganglion of the ophthalmicus profundus would appear to 
belong to the ooulo-motor rather than to a branch of the trigeminal 
or an entirely separate nerve. 

The oculo-motor, pathetio (2, 8, fig. 2), and abduoens resemble the 
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corresponding nerves in Lcemargus f and, as in Lcmargus, they never 
present ganglia in any part of their coarse. 

There »the usual ganglion on the trigeminal nerve, and this nerve 
(3, fig. 2), ns in Lc&margus, divides into maxillary (3', fig. 2) and 
mandibular (3", fig. 2) branches, and sends a superficial ophthalmic 
branch to the snout along with the ophthalmicus saperficialis of the 
facial. The facial complex, again, consists of four nerves, via.:—(1) 
the ophthalmicus saperficialis (4, fig. 2), with a large ganglion! which 
lies immediately above and in front of the Gasserian ganglion; (2) 
the buccal (5 f fig. 2), with a ganglion lying over the origin of the 
mandibular branch of the trigeminal; (3) the palatine (6, fig. 2), 
(with an indistinct root containing ganglionic cells) whioh gives off 
palatine and prespiracular branches, and a branch whioh extends 
outwards to unite with fibres from the hyomandibular and bend 
round the hyomandibular cartilage, and eventually reach the floor of 
the month behind the mandible, thus resembling the chorda tympani; 
and (4) the hyomandibular nerve (7, fig. 2), whioh is chiefly distri¬ 
buted to mucous canals and the ampulla of sensory tubes. To the 
hyomandibular a large bundle of fibres is contributed, as in Lcemargus, 
from the upper border of the ophthalmicus saperficialis. 

'fho auditory nerve (10, fig. 2) lies in contact with the hyoman- 
dibular, and has numerous ganglionic cells in its root. 

The glossopharyngeal nerve (11, fig. 2) runs forwards from under 
the root of the lateralis nerve, and, bending backwards, passes out. 
wards through a canal whioh opens into the floor of the cavity of the 
auditory capsule. Passing through the cavity of the capsule, the 
nerve next penetrates its outer wall, and at once expands to form a 
large oval ganglion, from which the usual branches take their origin. *' 
A dorsal branch, which reaches the surface of the head, docs not seem 
to supply any portion of the occipital or aural mucous canals. 

The vagus complex (12, fig. 2) in some respects seems to be more 
primitive in the skate than in any other Elasmobranoh. It may be 
said to consist of six nerves, all of which can bo readily distinguished, 
and eafeh nerve presents a distinct ganglion. These nervea'ape (1) the 
lateralis (l, fig. 2), whioh springs by a special root above and in front 
of the glossopharyngeal norve. The ganglion of the lateralis varies 
in position, being sometimes situated nearly two inches beyond the 
point at which the nerve issues from the cranium, in other oases 
only half an inch from its point of exit. A slender branch arising in 
the vagus canal arches upwards to supply the anterior portion of the 
canal of the lateral line, the aural, and, part of the occipital mucous 
agnate. The main trunk of the lateralis is distributed to the rest of 
the canal of the lateral line and to the posterior pleural canal. 
(2.) The foxpT'branohial nerves. The first three branchial nerves 
(2—4 6, figpl^ 7 acquire an independent existence almost as soon as the 
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vagus escapes from the cranium, while the fourth (5 5, fig. 2) is 
united with the intestinal nerve (t, fig. 2) until the level of the fifth 
branchial cleft is reached. In each of the three anterior branchial 
nerves the ganglion is ftituated within a short distance of the point of 
bifurcation into the post- and pre-branchial branches. The ganglion 
of the fourth nerve lies in contact with the common trunk from 
which it springs. (3.) The intestinal norvo (t. f fig. 2) posses back¬ 
wards, and has its ganglion immediately beyond the point where it 
separates from the last branchial. Sometimes one (1 sp., fig. 2), or 
two ventral roots of spinal nerves arise under cover of the roots of the 
vagus and escape through the occipital region of the cranium, but as 
in Lmmargus they never unite with any of the fibres of the vagus, And 
there is no reason for considering them as ventral roots of the vagus 
complex. 

I am indebted to Mr. Sim, naturalist, Aberdeen, for the specimens 
of Lcemargus required for the investigation. 

The following list includes the more important papers and works 
referred to:— 

* 

Balfour. 1 A Monograph of the Development of Elosmobranoh Fuhea.’ 

* Comparative Embryology.* 

Beard. “Senvo Organa of Iohthynpsida,” 1 Quart. Joura. of Mioroao. Science,’ 
1886. 

“ The Ciliary and Motor-oculi Ganglion and the Ganglion of the Ophthul* 
raious protundus in Sharks,” ‘Anat. Anzeiger,’ 1887, Nr. 18—19. 

••The Development of the Peripheral Nervous System of Vertebrates,” 
‘ Quart. Joum. Mioroao. Science,* October, 1888. 

Froriep. 1 Anat. Anzeiger,’ vol. 2,1887. 

Gorman. " On the Lateral Canal System of Selachia and Holocepliala,” * Bulletin 
Mua. Comp. Zool., Cambridge, Mass.,’ vol. 17, No. 2. 

GaakeB. “ On the Relation between the Structure, Function, and Distribution of 
the Cranial Nerve*,” * Roy. Soo. Proo.,’ vol. 43. 

Gegenbaur. “ Die Kopfnerven von Ilexanchus,” 1 Jenoische Zeitschrift,* vol. 6. 

••Die Metamerie dot Kopfea und die Wirbeltheorie des Kopfakeletes,” 
* Morphol. Jalirb.,' vol. 18. * 

Jackson and Clarke. •• The Cranial Nerves of Kchinorhinus spinoaus,' * Journal 
of Anat.,* vol. 10. 

Krause, ** Ueber die Doppelnatur des Ganglion ciliare,* 4 * Morphol. Jalirbuch, 1 
vol. 7. 

Marshall. 14 On the Cranial Nerve* of Soyllium,” 1 Quart. Journ. Microao. Science,* 
1881. 

•• The Segmental Value of the Cranial Nerves,” 1 Journal of Anatomy,* vol. 16. 

Schwalbe. “ Das Ganglion oeulomotorii,” * Jenaisoho Zcitscbrift,* vol. 13. 

Stannius. 1 Das PeriplierUobe Nerveuaystem der Fische, 1 Rostock, 1849. 

van Wijhe. “ Ueber d, Mesodcrmsegmente, and iiber die Entwioklung dor 
N erven des Seloehier-Kopfes,” Ajnaterdam, 1882. 
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April 4, 1889. 

Professor G, G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks oi*dered 
for them. 

The Right Hon. Baron Henry do Worms, whose certificate had been 
suspended aw required by the Statutes, was balloted for and elected a 
Fellow of the Society. 

The following Papers were read;— 

I. “On the Magnetic Inclination, Force, and Declination in 
the Oaribeo Islands, West Indies.” By T. E. Thorpe, 

* Ph.D., F.R.S. Received March ltf, 1889. 

The following determinations of the magnetic elements among the 
Caribees or Windward Islands were made in August, 1886, on the 
occasion of the Eclipse Expedition of that year to Grenada. 

The instruments employed were magnetometer Elliott No. 61, and 
Dip Circle Dover 83, belonging to the Science and Art Department. 

The method of observation was similar to that adopted in the 
Magnetic Survey of the British Isles for epoch January 1st, 1886, for 
which these instruments were also employed. 

I. St. G*or m, Grenada. 

Station: Near the watering-place and close to the edge of the 
southern shore of the harbour. 

Lat. 12° 2' 52" N. Long. 61° 44' 35" W. 

Inclination, 

Needle I. Needle IT. 

Aug. 13,1886 (2.45 to 4.10 p.mO .. 40° 58*8' .... 40* 

Horizontal Force . 

(a) Deflections. 


Temp, t Observed deflections. 

29*r . 14° 7'48*5” 

5° 53 f 41*2" 


Aug. 18,1886. 
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(6) Vibrations. 


Temp. 

Aug. 13,1886.... 32*6° 


Time of one vibration. 


3*0540 secs. 
3*0537 „ 


Mean = 3 0538 secs. 


m = 0 *00103109. H = 3*1093. 


Declination . 

(a) Geographical Meridian. 

Local appfc. time 
of passage of 

0 centre. Correct, for Goograpliieftl 

lir. in. s. 0 alt. mirror. meridian. 

Ang. 13, 1886,. 4 33 29 .... 23° 40' .... -0*1 .... 252° 14' 


( b ) Magnetic Meridian. 

L.M T. Magnetic 

hr. in. Torsion. mundum. 

Aug. 13, 1886.... 4 14 .... - 0*4' .... 202° 55*9' 

II. Hou Island, Bay of Clarkes Court. 

Station : Site of Eclipse Station; on a creek on the eastern side of 
the Island. 

Lat. 12° 0' 40” N. Long. 61° 43* 45" W. 


Inclination . 

Needle I. Needle II. 

Aug. 25,1886 (10.30 to 12.10).... 41° 14' .... 41° L* 2' 


Horizontal Force . 
(a) Deflections. 

Temp. 

Aug. 22,1886 (11.5 to 11.31).. 29*7° 


Observed deflections, 

.... 14° 8' 38-7" 

5° 54' 13 7" 


Aug*. 22, 1886 


m 


(6) Vibrations. 


Temp. 
288° ... 


Time of one vibration. 

3*0573 secs. 1 anM 

3*0582 „ / meftn “ 30 ° 7 ' SCCS - 


* 0-00102963. H* 3-1000. 


2 o 2 
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Declination. 

(a) Geographical Meridian. 

Local appt. time 
of pAMgage of 

G) centre. Correct, for Geographical 

hr. m, b. 0 alt. mirror. meridian. 

Aug. 22, 1886.. 2 47 27 .... 49° 40' .... -0*5 .... 19° 58*9'. 

( b ) Magnetic Meridian. 

L.M.T. Magnetic 

hr. in. Tortion, meridian. 

Aug. 22, 1886.... 10 9 .... +0*1' .... 20° 50*3' 

As the island of Grenada is highly volcanic in parts, it is not 
improbable that the observations may be affected to some extent by 
local disturbance. 


III. Island of Cabriacou. 

Station : On the shore of the bay on the southern end of the island. 
Lat. 12° 27' N. Long. 61° 29' W. 


Temp. 

33*7° 


Ang. 23, 1886,. 

(4 hr. 38 m.) 

m = [0-001029G3]. 


Horizontal Force, 

Vibrations. 

Time of ono vibration. 

, ... 3*0723 secs. 

30735 

H « 3 0771. 


eos. 1 
n J 


mean = 3 0729 secs. 


Declination . 

(a) Geographical Meridian. 

Local appt. time 
of passage of 

0 centre. Comet, for Geographical 

hr. m. a. 0 ait. mirror. meridian. 

Aug. 23,1886.* 3 53 49..., 32° 54' .... +0’1 .... 148° 52 2' 


(6) Magnetic Meridian. 

L.M.T. Magnetic 

hr. in. Torsion, meridian. 

Aug. 23, 1886..., 4 27 .... 00' .... 149* 8*5' 

The observations at Carrigcou were much interfered with by rain, 
and no'determinations of dip were possible. The moment of the 
magnet has been assumed to be that determined at Hog Island on the 
previous day. 
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The results may be thus summarised:— 


Station: Aug., 1886. 

Inclination. 

Force. 

i 

' 

Declination. 

Horizontal. 

Total. 

St. Qmrge, Qraiadfl. 

4?) 54*7 

41 14*1 

1 

3-1003 

3*1000 

3 0771 

i 

4*1144 

4-1223 

0 41'-5 K. 

0 51 5 K. 

0 16 3 R 

Hog Island, Grenada. 

Island of Carnacou. 



II. 11 Experiments on the Resistance of Electrolytic Cells” By 
Capt. H. R. Sankey, R.E. Communicated by W. H. Phekce, 
FJR.S. Received March 21, 1889. 

(Abstract.) 

It was observed during the course of some experiments on tho 
electrolytic deposition of copper that the resistanco of the electrolytic 
cells employed was gi-eater tho lower the current density, and the 
experiments described in this paper wore undertaken to inquire more 
definitely into the matter. 

Many physicists have already observed the same effect, and have 
ascribed it to a resistance at the junctions of the electrodes with the 
electrolyte, and called it ** transfer ” resistance. 

In these experiments a prismatic electrolytic cell of triangular 
cross-section was employed, and the area of the electrodes was equal 
to that of the cross-section of the liquid. The eloctrodes experimented 
with were electrotype copper, lead, zinc, and platinum, and the 
electrolytes, solutions of CuS0 4 of various sp. gr., neutral and 
acidulated, of ZnS0 4 , MgS0 4 , NaCl, NagCOj, dilute H 2 S0 4 , Ac. The 
electrodes were placed at different distances apart, but in general bod 
an area of 50 square cm. 

All the measurements were made by noting the swing of a 
Thomson’s reflecting galvanometer, used as a potentiometer*, and 
standardised before each trial by means of a Clark's cell. 

The current was measured by observing tbe potential difference 
across a known resistance. 

The P.D. of the cell was proportional to the swing of tho spot of 
light. 

The counter E.M.F. was obtained by taking the swing on breaking 
the circuit, tbe galvanometer being connected across the terminals of 
the cell; but this swing is not proportional to the C.E.M.F, existing 
in the cell whilst the circuit is completed. Readings were, there- 
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fore, taken to obtain the fall of the OJ&M.F. on breaking the'drpttii, 
ao as to obtain the correction to be applied to the reading. TMb 
correction was found to vary considerably according to the eleotrodea 
and the electrolytes; with acidulated CuS0 4 solutions and electro** 
type copper electrodes it varied from 3 to 15 per cent. 

A variety of tests were made to ascertain what degree of depend? 
enoe could be placed on these measurements of O.B.M.F., because, of 
course, on them the whole matter rests. Probably the most con¬ 
clusive of these tests was the measurement of the resistance (by the 
method employed in these experiments) of an arrangement, oonsist- 
ing of a box of coils and of an electrolytic cell of very large area, 
whose resistance might be neglected, but which supplied a C.E.M.F, 
The measured resistances agreed, within 2 per cent., of the resistance 
unplugged in the box. 

The conclusion come to is that the C.E.M.F. was determined with 
$ fair degree of accuracy, sufficient to show the existence of a transfer 
resistance. 

The resistance of the electrolyte itself was measured in some cases 
by finding the P.l). across two cross-sections of the liquid, by means 
of fine wires dipping into the liquid at a known distance apart. This 
resistance was found to he (as might be expected) independent of 
the current density. 

Deducting the resistance of the electrolyte as thus obtained from 
the resistance of the cell gave the “ transfer ” resistance. 

In commencing each trial a current of about 2*7 milliampdres was 
passed through the cell for some time, which was fouud to increase 
the resistance of the cell up to a limit depending on the previous 
history of the electrodes. 

The current was then increased by approximately doubling it each 
time until it reached about 370 milliamperes. It was found that as 
the current increased the resistance diminished, rapidly at first, more 
slowly afterwards (set A). 

After applying the 370 milliamp&res current, the current was 
again suddenly reduced to about 2*7 milliaxnp&res, and it was found 
that the resistance had become much smaller, but that it immediately 
began to increase again, somewhat rapidly at first (set B). 

A few minutes afterwards the current was again increased/ as in 
set A, and the resistance was found to diminish as the current' 
increased, but more slowly than in set A (set C). When a current 
of 370 milliamperes was reached, the 'resistance in both set A and 
set 0 were practically equal, and the transfer resistance was small. 

The figure shows one of the trials with acidulated CaSO* solution 
and lead electrodes. The sadden rise in the resistance (set A) 
occurred at the moment the cathode became oovered with copper. In 
this figure the thick line showa set A, the thin line set C, and the 
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dotted lines the resistance of the electrolyte obtained during set A mid 
HOt C. 

• A groat many trials were made, some few of which are given in the 
paper. All give evidence of a transfer resistance diminishing as the 
current increases. 

The view is expressed that the M transfer ” resistance is not duo to 
ft non-con duct iug layer being formed on one or both electrodes, since if 
such wero the case the resistance would increase os the cuiTent in¬ 
creases, and would be greater after the application of a strong current 
than before. It is suggested that this transfer resistance may be due 
to some molecular interaction at the junotion of the electrodes with 
the electrolyte, offering a greater resistance to weak currents than to 
strong, and the reduction of the resistance after the application of a 
strong current supports this suggestion, in that the disturbance set 
up by the strong currents would probably last for some time. 

A trial was made with acidulated CtiS() 4 solution and electro- 
copper electrodos under identical conditions, with the exception of 
. the area of the electrodes, which was varied. It was found that the 
transfer resistance per unit area was sensibly the same for same 
current density. 

The effect of temperature was ftlso inquired into, but only to a 
limited extent. With weak currents the transfer resistance diminished 
very rapidly as the temperature increased, and at about 70° C. the 
transfer resistance was very small. 
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III. “The Ferment Action of Bacteria." By T. LAUDER 
Buunton, M.D., F.R.S., and A. Maokadyen, M.A., B.Sc. 
Received March 28,1889. 

[Publication deferred.] 


IV. 44 On the Limit of Solar and Stellar Light in the Ultra-violet 
Part of the Spectrum/’ By William Hud&iNS, D.C.L., 
LL.D., F.R S. Received March 28, 1889. 

[Publication deferred.] 
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338-342. 8vo. London [1889], The Society. 

Mineralogical Society. Mineralogical Magazine and Journal. 
Vol. VIII. No. 38. 8vo. London 1889. The Society. 
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Vol. XXV. No. 128. 8vo. Philadelphia 1888; Catalogue of 
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Tho Baron de Worms. 
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Sc.D., F.R.S. Vol. I. 4to. Cambridge 1889. Prof. Cayley. 
Christie (J.) The Medical Institutions of Glasgow. 8vo. Glasgow 
1888. Tho Editor. 

Christy (T.) New Commercial Plants and Drugs. No. 11. 8vo. 

London 1889. The Author. 

Bellingshausen (Baron N.) Grundziige einer Vibrationstheorio der 
Natur. 8vo. Reval 1872. Dr. Bnintbn, F.R.S. 
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Jacobi (A.) Contributions to the Anatomy and Pathology of the 
Thymus Gland. 8vo. Philadelphia 1888. The Author. 

Lewis (T. E.) Efligy Mounds in Northern Illinois. 8vo. 8t. Paul , 
Minn . f&88. The Anthor. 

Sharp (W.), F.R.S. Therapeutics ought to become a Science. 
Essay 52. 8vo. London 1888; Therapeutics can become a 
Science. Essay 54. 8vo. London 1889. Tho Author. 

Siemens (C. W.) The Scientific Works of C. William Siemens, 
F.ll.S. Edited by E. F. Bamber, C.E. 8 vole. 8vo. London 
1889. Executors of the late Sir William Siemens. 

Wolf (U.) Astronomische Mittlieilungen. December 1888. 8vo. 
[Zurich]. Dr. Wolf. 


Photograph of the portrait of John Evelyn, F.B.S., in the possession 
of the Boyal Society. Dr. Frankland, F.H.S.. 


April 11,1889. 

Professor G. G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The Bakerian Lecture was delivered as follows:— 

BAKERIAN LECTURE. —“A Magnetic Survey of the British Isles 
for the Epoch January 1, 1886.” By A. W. ROcker, M.A., 
F.R.S., and T, E. Thorpe, B.Sc., Ph.D., F.R.S. Received 
(iu abstract) April 11, 1889. 

(Abstract.) 

Two magnetio surveys of the British Islos have been made previous 
to that of which an account is given in this paper. The necessary 
observations were taken between the years 1834-88 and 1857-62, and 
the results were reduced to the epoch 1842*5 by Sir E. Sabine (* Phil. 
Trans.,’ 1870, p. 265). The stations in these were very irregularly 
distributed over the area under investigation, the declination was 
determined at but few places, and the force in the earlier surrey was 
only determined relatively to London. 

Jn the five years 1884-88, both inclusive, the authors hare made an 
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exhaustive survey of the United Kingdom. They have observed at 
200 principal and a number of secondary stations, and at all the 
principal stations, except three or four, all the magnetic elements 
have been determined. 

The two sets of instruments employed have been carefully com¬ 
pared with each other at the Kew Observatory in 1884, 1886, and 
1887, and are in remarkably good accord. All the observations were 
mode by the authors except the dip observations at eight stations in 
Scotland, for which they have to thank Mr. A. P. Laurie, Fellow of 
King’s College, Cambridge. 

The chronometers wero frequently compared with Greenwich by 
means of the 10 a.m. time signal, for loave to receive which the 
authors are much indebted to the good offices of Mr. Preecc, F.tt.S. 

The probable errors of the observations are as follows:— 

Declination. + 0'*699 

Horizontal force. Hr 0 00028 (M.V.) 

Dip . ± 0'*51 

In this computation, only declination observations which are in all 
respects independent arc included. The horizontal force observa¬ 

tions are also as independent os is possible for nearly simultaneous 
observations, and the dips compared are those token with the two 
needles. 

The authors propose the name isomagnctics for the class of curves 
which are drawn through points at which the values of oho of the 
magnetic elements are constant, aud in which isogonals, isoclinals, 
Ac., are included. 

To determinp the form of the isomagneties, they divided the area 
of the survey into nine overlapping districts, and found for each a 
linear formula which connected the value of the element with the 
latitude and longitude. By means of this fonnula they calculated 
the value of the element at points where the lines of longitude corre¬ 
sponding to whole degrees east or west of Greenwich intersect lines 
of latitude which correspond to half degrees. Where several 
districts overlap, the mean value was taken. From the values thus 
obtained at a series of points regularly distributed all over the 
country, the isomagnetics were approximately determined. The 
forms of these curves were slightly irregular, and equations were 
framed to represent smooth curves which passed through their 
mean directions. Theso were the equations to the terrestrial or un¬ 
disturbed isomagnetics. 

These are compared with those obtained in the earlier surveys, and 
the secular change is fully discussed. * 

The calculated values of the elements ye then obtained for every 
station, and by comparing these with the observed values, the magni- 
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tnde and direction of the disturbing force at eaoh, station was deter* 
mined. 

It was found that the Malvern Hills attract the north pole of the 
needle Btrongly. 

The well-known fact that, the difference of the declination at Kew 
and Groenwich is mnch greater than the difference of longitude will 
explain, is found to be connected with a widespread regional mag* 
netio disturbance within the area of which these observatories lie. 

Several methods of argument all point to the conclusion that the 
oentre of this disturbance lies between Windsor and Beading, and a 
little to the north and east of the latter town. Towards this point 
all the calculated disturbing forces in tho neighbourhood^ eon verge. 

The authors adopt, as a working hypothesis, tho view that this 
attraction is due to the same cause as that observed at the Malverns, 
viz., the presence of igneous rooks, and they prove that tho rango of 
the disturbance extends from Kenilworth to the Channel, and from 
Salisbury to the North Sea, a total area of about 10,000 Bqnare miles. 

As the centre is approached the excess of the observed downward 
vertical force above that given by calculation increases, and it reaches 
a maximum at Reading close to the point which a study of the hori¬ 
zontal forcos had indicated as the centre. 

Extending the same method to the rest of tho country, though this 
has not been studied by thorn in tho same detail as south-eastern 
England, the authors prove (1) that tho results obtained on re-visiting 
the same station indicate that even in disturbed districts, the direction 
of the disturbing force can in general be determined by a single set 
of observations to withiu 15°, and in most cases to within a much 
smaller limit; (2) that the directions of the disturbing forces were the 
same when Mr. Welsh surveyed Scotland in 1857 as they are now; 
(3) that the horizontal disturbing forces tend towards districts in 
whioh tho vertical disturbing force is a maximum j (4) that certain 
regiontf ; 4n which crystalline rocks occur display a markod attraction 
on the needle; (5) that in certain other regions, and notably iu lines 
running respectively from London to the South Wales coal-field and 
from the Lincolnshire Wolds to the L&ke District, though no crystal¬ 
line rocks appear on the surface, magnetic attractions, similar to that 
observed near Beading, are in play, which indicate the existence of 
crystalline rocks at no great depth; (6) that there are in Great Britain 
five principal regions of the two kinds referred to in (4) and (5), 
towards whioh tho horizontal disturbing forces act. Their positions 
may be defined approximately by means of the following lines, whioh 
pass through their central parts, viz., (*) the line of the Caledonian 
Canal; (fi) a line somewhat to the west of the basaltio masses in the 
Western Isles; (?) A line ^passing through the Scotch coal-field, in 
which crystalline 1 basaltic rooks occur; (2) aline certainly parallel to. 
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and possibly coincident with, that abng which the Jurassic and 
Liasaio strata thin out very rapidly in south-east Yorkshire, and 
passing thence towards the Cumberland lakes; («) a lino the general 
direotion of which coincides with that of the Palaeozoic ridge between 
London and the South Wales coal-field. 

The following Paper was read:— 

L w Experiments on the Nutritive Value of Wheat M*al. ” By 
A. Wynter BtiYTH. Communicated by Dr, Lauder 
Brunton, F.R.S, Received March 30, 1889. 

A physician, who may be designated as A, undertook to lire for 
twenty-eight days on distilled water and whole meal Each day a 
certain quantity of the meal was ground by himself, weighed, and 
made either into cakes or porridge by means of distilled water. 

The excreta were forwarded to me for analysis. 

The experiment may be divided into three stages:—(1) A period of 
eight days, during which the insufficient quantity of 16 ozs. (453*59 
grams) of whole meal was taken; (2) a period of fourteen days, 
during which 20 ozs. (566*98 grams) of whole meal were taken; (8) 
a period of seven days during which 28 ozs. (793 77 grams) of whole 
meal were taken. 


General Physiological Effects . 

The condition of A was carefully tested by Mr. Randall 
Mr. Francis Gallon's laboratory, before and during these periods. 

Condition before the experiment:— 

Weight in clothing. 129 lbs. 

Strength of squeeze (right hand). 67 „ 

„ (left hand). 60' ( , 

Breathing capacity.*. 198 cub. in. 

Distance of reading diamond numerals (right 

eye). 9 inches. 

Distance of reading diamond numerals (left eye) 7 „ 

Snellen's type, read at 20 feet distance.. D 60 

Highest audible note (by whistle). 19,000 vib. 

Reaction time (sound). 15* 

„ (sight)... 15* 

Error in dividing wire in half . Op, c, 

„ „ in thirds. 0p.o. 

Error in degrees in estimating angle 90°. 0° 

,1 f) *1 60 ...... 11° 

• Rtsrtiffii tine for sound and sight in hundredths of a second. 


at 
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At the end of the first period, during which the insufficient quantity 
of 16 ozs. was taken, there was a loss in weight of 7 lbs., the breath¬ 
ing capacity seemed a little increased, but the tests showed no other 
marked deviation from the above. Daring the second period, in 
which the meal was increased to 20 ozs., there was a farther loss of 
3 lbs. Daring the third period, when 28 ozs. were taken, this loss of 
weight ceased and a slight gain was recorded. 

During the whole twenty-eight days, A Buffered, according to his 
own acconnt, but trifling inconvenience: the bodily functions were 
regnlarly performed, the mental capacity unaltered; there was a 
marked absence of indigestion, the sleep was sound, and there was no 
deterioration of muscular power. On the other hand there was 
a marked decrease of sexual power as well as desire. The appearance 
of A during and at the end of the experiment was not that of perfect 
health. The features woro pinched ; there was slight aneemia. 

The measurements and tests as determined in Mr. Francis Galton’s 
laboratory were as follows :— 


MHliMBW 



3rd period. 

Last day of 
experiment. 

Weight in clothing. 

Strength of squeeze, 

122 lb.. 

Hi) lb.. 

120 lbs. 

120} lbs. 

right hand.. 

76 

65 

74 

73 

Ditto, left hand . 

68 „ 

62 .. 

6H „ 

«5 

Breathing capacity. 

Distance of reading (dia- 

203 cub. in. 

190 cub. in. 

198 cub. m. 

189 cub. in. 

mond type), right eje 

9 in. 

10 in. 

10 ip. 

9 in. 

Ditto, loft eyo.. 

Snellen's typo, read at 

10 „ 

9., 


8 ' 

20 foot distance. 

Highest Audible note 

D 60 

D 60 

D 00 

D 60 

(whistle).. 

19,000 vib. 

19,000 vib. 

19,000 vib. 

19,000 Tib. 

Reaction time (sound) . 

16* 

16* 

10* 

18* 

„ (sight.) ... 

Error in dividing wire in 

13* 

13* 

10* 

10* 

half. 

0 p. c. 

0 p. c. 

0 p. c. 


Ditto in thirds. 

Error in estimating 

1 H 

1 ,, 

1 » 


angle 00°.. 

X 

i > 

0 


Ditto69* ...... 

7 

10 

10 



Analysis of Income and Output . 

The whole meal was analysed by ordinary methods, the nitrogen 
being;determined by Kjeldahl’s process, the fat in a Soxhlet’s appa¬ 
ratus by exhaustion with petroleum ether. The feces were passed into 
strong redistilled methyl alcohol, dried, powdered and treated simi- 
• BcSotion time for found and fight in hundredths of s second. 
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larly to tlio whole meal. The nrine was Also treated by Kjeldahl for 
nitrogen, the solid residue by evaporating several 5 o.o. in platinum 
dishes to dryness, and the phosphoric acid by the volumetric uranium 
method. The following tables give the results :— 


First Period. Insufficient Supply of Whole Meal. 



Whole 
meal in- 

Daily excretion. 



gutted 

daily. 

Forces. 

Urine. 


Dry substance. 

gram*. 
302 35 

grams. 

40 4 

gram.. 

27-62 

-321*33 

Nitrogen ... 

9*07 

1*72 

9*57 

+ 2*22 

Fat. 

8*25 

2*52 

,, 

-5*78 - 

Anil ... 

6 ‘94 

3*88 

4*38 

+ 1*32 

Phosphoric acid . 

3*17 

1*5 

2-03 

+ 0*3(1 

Sulphuric acid. 

0‘27 

0*05 

1-46 

+ 1*24 

Chlorine. 

* • 

•• 

1-06 

+ 1*06 


Tho table shows that 82*6 per cent, of the dry snbstanco was 
assimilated, of the fat 69 percent- disappeared, 222 grams of nitrogen 
were excreted in excess of that ingested, there was (practically) phos¬ 
phoric acid equilibrium, there were more rrUs excreted than taken in, 
and there was excretion of sulphu|; and chlorine, although th*' water 
taken as a drink and mixed with the food was distilled, and only a 
small quantity of unoxidised sulphur could bo detected in the flour. 


Second Period. Barely sufficient Ingestion of Whole Meal. 



Whole 
meal in- 

Daily excretion. 



gested 

daily. 

Farces. 

Urine. 


Dry substance. 

groins 
490 *44 

grams, 

47*6 

gnuns. 

29-16 

-413 *78 

Nitrogen. 

11 84 

2*02 

9*75 

+ 0*43 

Fat. 

10 *31 

2*29 

,, 

-8*02 

Ash. 

8*67 

8*7 

3 99 

-0*98 

Phosphoric acid.. 

8*97 

1*01 

1-95 

-0*11 

Sulphuric acid... 

0*34 

0 03 

1 -71 

+ 1-40 

Chlorine. 

•• 

• a 

0*88 

+ 0*88 


84*3 per cent, was therefore digested of the dry substance, 77*7 per 
cent, of the fat had disappeared, there was (practically) nitrogenous 
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and phosphoric acid equilibrium, and some small retention of salts. 
There was a daily excretion of sulphur and chlorine, the latter iu 
small amount only. 


Third Period. A sufficient Supply of Whole Meal. Arrest of Loss 

of Weight. 



Whole 
meal in¬ 
gested. 

Excretion. 


Eaoes. 

Urine. 

Dry substance.. 

680-62 

mm 

33 60 

—674*62 

Nitrogen... 

16-87 

BH 

8‘89 

-4-88 

Fat . 

14-44 

9-24 

« « 

— 6 *20 

Ash. 

12-04 

7-9 

3*28 

-0 86 

Phosphoric ncid.. 

5-60 

3-6 

1*93 

—0*16 

Sulphuric acid... 

0-47 

0-17 

1*82 

+ 1*62 

Chlorine . .. 

• • 

• . 

1*00 

+ 1*00 


During this last period there was retention of nitrogen. The phoB. 
phatos wore pretty well balanced, that is, ingestion was nearly equal 
to excretion, 83‘6 per cent, of the total dry substance was digested, 
but only 36 per cent, of the fat It is to be noted that there was an 
undiminished urinary output of chlorine and sulphur. 

The constant undiminished oxcretion of sulphuric acid as sulphate 
by the urine and a small quantity of unoxidised sulphur by the intes¬ 
tinal canal, although only traces were found in the flour itself, 
rendered it desirable that there should be a control experiment upon 
some other person. Accordingly, au Oxford graduate, upon whom 
every reliance could be placed, undertook to live for one week upon 
whole meal and distilled water. This gentleman will be referred to 
as 0. 

0 lived a sedentary life, was of a slight build, and weighed 137 lbs. 
at the commencement of the experiment. He took also each day a 
measured quantity of olive oil, the oil being mixed with the whole 
meal and baked with it. The quantity of whole meal taken daily 
varied from 16—22 ozs. The solid excreta of the last three days only 
were collected for analysis, and the urine of the last two days. 
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General Results of the Ingestion of Whole Meal by 0. 



Whole 
meal in¬ 
gested. 

Excretion. 


Peoes. 

Urine. 

Dry substance. 

Nitrogen. 

Fat. 

(Olive oil). 

Ash.. 

Sulphuric acid. 

Phosphoric acid. 

Chlorine,. 

407*53 

11 33 

10 *81 
(37*51) 
8*67 

0 *34 

3 05 

• • 

28*88 

1*18 

2*58 

3*35 

1*42 

e a 

83 *13 
10*30 

m a 

3*07 
0*91 
1*72 1 
0*07 

*-403 *08 
+ 0*16 ' 

Y —86 *24 
-1*65 
+ 0*67 
+ 0*09 
+ 0*07 


O, therefore, digested 881 per cent, of dry substance ingested; 
93 per cent, of the fat disappeared. There was (practically) nitro¬ 
genous and phosphoric acid equilibrium; there was some retention of 
salts, perhaps to be attributed to the small quantity of liquid 0 drank. 
Sulphur was excreted, although only traces were ingested, and the 
excretion of chlorine was small. 

At the end of the experiment 0 was in good health. He had lost 
a little in weight—125 lbs. 

The importance of obtaining exact information of the nutritive 
powers of bread as the basis of ordinary diet need scarcely be accen¬ 
tuated. The quantities of whole meal consumed par diem were, it is 
obvious, deficient in nitrogen, in fat, and in salts. Both of the 
gentlemen who undertook the experiment lived an ordinary town life, 
that is, they dAily took moderate exercise, but their pursuits involved 
no manual or hard labour, and therefore must be classed as sedentary; 
but a less supply than 18 grams of nitrogen and 5 grams of fat 
would not be likely to keep either of them for a long period in tbe 
highest health. The excretion of sulphate by the urine and of 
unoxidised sulphur by the bowel is interesting and demands still 
further experiment; considering that sulphur is an essential com¬ 
ponent of albumen, too little attention has hitherto been paid to its 
study as a food, but it is obvious that once it is accepted that the 
external supplies of sulphur were cut off, the sulphur found must havo 
been derived from sulphur stores in the body, with possibly a trifling 
amount condensed in the lung from broathing London air. 

If the excretion by the bowel be considered waste, then on an 
average 15*6 per cent, of the total nitrogen in the bread or whole 
meal is not in an assimilable form; about 37 per cent, of the fist is 
also not digested, and 5i'8 per cent, of the ash also passes away. 

* Obtained by subtracting 487'6$+ 17’61 (olive oil) from united residue of 
faces and urine. 
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The Society then adjourned over the Barter Beoeea to Thursday, 
Hay 2nd. 


Presents, April 11, 1889. 
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•‘Second Series of Results of the Harmonio Analysis of 
Tidal Observations.” Collected by G. H. Darwin, LL.D., 
F.R.S., Fellow of Trinity College and Plumian Profossor 
in the University of Cambridge. Received January 18,— 
Read February 7, 1881). 

A collection of results by Major Baird and myself has been already 
published in the ‘Proceedings of the Royal Society, 1 No. 239,1885; and 
the present paper brings together new results which I have been able to 
collect since the date of that paper. I begin with some remarks on 
the sources of information, atul on the observations at each station. 
A table of the latitudes and longitudes of the places of observation is 
prefixed to those of the harmonic constants. 

Dover . 

In the Second Report of the Committee of the British Association 
on the “Tides of the English Channel and the North Sea” (1879), the 
following passage occurs :— 

“The importance of an accurate knowledge of the tides at Dover 
in particular, in connection with those of tho entire English Channel, 
being soon made evident to the Committee, as well as the great advan¬ 
tage which would ensue from the establishment of a self-registering 
tide-gauge at that place, the matter was brought by the Chairman 
under the notice of tho Board of Trade; the request being further 
supported by the Lord Warden of tbo Cinque Parts, Earl Granville. 
The Board of Trade received the request most favourably, and con¬ 
sented to establish at their own expense a self-registering gauge, at a 
site some distance down the Admiralty Pier, where a tide-well had 
been made during the original construction of the pier; its connection 
with the water outside being at a level twelve feet below the low 
wator of ordinary spring tides. The gauge, embracing Sir William 
Thomsons latest improvements, has been constructed and erected by 
Messrs. A. Leg6 and Co M nnder the direction of Mr. Edward 
Druce, C.E., the resident engineer in charge of the Admiralty Works 
at Dover. It will remain, of course, in the hands of, and under the 
control of the Board of Trade,” 

In 1886 another Committee of the British Association, appointed to 
consider the tides of Dover, exhibited to the meeting 4 the tide-curves 
for Dover for the four years 1880*83, and it was stated that the 
Minister of Public Works of Belgium had presented to the Secretary 
of the Committee copies of the self-registered tide-curves for Ostend 
for several years. A comparison of the high and low waters at the 
two ports during one lnnation is given in the Report of this Com¬ 
mittee, 
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Mr. J. N. Shoolbred, the Secretary of both Committees, was instructed 
to intrust the carves to me, in order that they might be submitted to 
harmonic analysts. He afterwards was so good as to obtain from 
Mr. Dmce the continnation of the Dover carves. As the redaction 
of the whole series of carves would have been very expensive, it was 
determined that only the curves for 1883-4-5 should be treated; these 
years were selected because there was reason to suppose that the 
curves were more accurate than the earlier ones, 

To meet the expense of the reduction, Sir William Thomson obtained 
£50 from the Royal Society Grant, and this sum was afterwards 
handed to me. The amount would, however, have been altogether 
insufficient if Major Baird had not interested himself in the matter, 
and introduced me to Mr. E. Connor, of the Tidal Departmont of the 
Survey of India. Mr. Connor then generously offered to devote his 
spare time to the work, and undertook the superintendence of the 
native computers at Poona. The inductions of three years of Dover 
curves, and of the same three of Osteud curves, have been made with 
all the thoroughness and care of the Indian work. The computations 
themselves are now in my hands, and the curves have been returned 
to Mr. Shoolbred. 

The tidal record was frequently interrupted at Dover, for there are 
34 days wanting in 1883, 57 days in 1884, and 72 days in 1885. The 
gaps arfe only of a few days at a time, except from September 24 to 
October 26,1885. 

The zero of the Dover gauge is said to be 8*67 feet below the 
Ordnance datum, and therefore 1133 feet above the “international 
datum,'* which is stated in the British Association Report (1879) on 
Levels to be 20*00 feet below English Ordnance datum. 

The reduction of the tide curves shows that the mean sea level at 
Dover was, in 1883, 0*52 foot; in 1884, 0*46 foot; and in 1885, 
0*21 foot above Ordnanoe datum. 

The French Nivellement G6n6ral is 2*625 feet below Atlantic 
M.S.L., and 1*992 foot below Ordnance datum. Hence Atlantic 
M.S.L. is 0*633 foot above Ordnance datum. Thus Dover M.S.L. 
was, in 1883,0'll foot; in 1884, 0*17 foot; and in 1885,0*42 foot below 
Atlantio M.S.L, 

It appears from the Osteud curves that Osteud M.S.L. was, in 1883, 
0*25 foot; in 1884, 0*37 foot; and in 1885, 0*21 foot above Ordnance 
datum, and therefore in 1883, 0*38 foot; in 1884, 0*26 foot; and in 
1885, 0*42 foot below Atlantio M.S.L. Thus Osteud M.S.L. was 
below Dover M.S.L. by 0'27 foot in 1883; by 0-00 foot in 1884; and 
they were the same in 1885. By reference to the Atlantio M.S.L. we 
see that by far the larger part of these remarkable oscillations depends 
on Dover. 

But it is nearly incredible that the sea at Dover should have been 
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m much as 3 j inches lower in 1885 than in 1883, and I do not believe 
that the numbers are accurate. 

This opinion is confirmed by even a casual examination of the results 
of the harmonic analysis at Dover, the observations being obviously 
bad; for we may, I think, reject the supposition that both the tide 
and the mean sea level at Dover are actually far more irregular than 
at any other port. 

In order to test the Dover results, I have found the mean error 
(according to the method of least squares) of the phases of the several 
tides from the three years tabulated. I have then rejected as worth¬ 
less all those tides in which the mean error of phase amounts to 
30°. By this criterion the tides 8,, S 4 , S fl , S 8 , K 2 , J, Q, T, 2SM, and 
all the tides of long period arc rejected, and many of those retained 
will be seen to be really very had. 

Thus the mean error of phase of Mo is 7°*3, and of Sg, 9°‘5. The 
physical meaning of this is, that it is an even chance that the principal 
lunar high wafer occurs within a specified 20 minutes of time, and 
that the principal solar high water occurs within a specified 
25 minutes. With fairly good observations these periods should, from 
throe years of observation, be about 4 or 5 nunutos for the lunay 
tide, and 8 or 10 minutes for the solar tide. In the case of the tides 
at New York, tabulated below for three years, it is an even chauoe 
that lunar high water occurs within a specified 1^ minutes, and solar 
high water within a specified minutes. 

Tho Osteud results were treated in the same way as the Dover ones, 
and compare very favourably with them, although not, I think, of 
the highest order of perfection. 

It may thus be safely concluded that tho observations at Dover have 
been very badly made.* 

It is a pity that an expensive instrument should have been installed* 
and that, its records for many years should be rendered valueless by 
the want of proper supervision. 

I publish the results, however, for what they are worth. 

The phases of the several tides are referred to Greenwich time. 


Qstenrt, 

1 have no information as to the manner in which these observations 
were taken, but, as stated above, the curves were presented by the 
Minister of Public Works of Belgium. The Ostend M.8.L. was stated 
in considering the Dover carves. The xero of the tide gauge is 
8*17 feet above the international datum. There were many intermp- 

* Captain Wharton, B.N., ii of opinion that the situation of Dover is such that 
the tides are likely to be irregular there. I cannot, however, believe that thfr 
afford* a sufficient explanation of the irregularity of the Marita.'—May ft, I 860 . 
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turn in the working of the gauge, the gape being 64 dayi in 1883, 
64 days in 1884, and 14 days in 1885. 

It has already been remarked that the Qstand observations were 
apparently well made, although, perhaps, not of the very highest 
perfection, 

The results are referred to Ostend local time. 

* Heligoland. 

The results for Heligoland are taken from Dr. Bdrgen’s paper on the 
Tides of South Georgia and Kingua-Fjord,* where they are given inci¬ 
dentally as a means of testing a proposed method of reduction. The 
observations appear to have been made in 1882, and the reductions 
wore, I believe, made by Dr. Borgen. The heights were given in 
centimetres, but have been reduced to feet. 

Co}>enhagen, Nanortalik , Angmagsalik , Godthaab. 

I owe these observations to Dr. Crone, of Copenhagen, by whom, I 
believe, the reductions were performed. 

The observations at Nanortalik and Angmagsalik were made by a 
Danish Expedition between 1883 and 1885. At tho latter station tbo 
observations were very short, and Dr. Crone has only attempted to 
determine the mean lunar interval of 4h. 6 m., or « of 

The heights were given in centimetres, but have been reduced to 
feet. 

The observations at Godtbaab were made by the Danish Polar 
Expedition of 1882-3; they extended from July 16 to August 31, 
1883. 

Dr. Crone has written a paper entitled ,4 Flux et Reflux de la Mpr 
A Godthaab.’* 


South Georgia and Kingua* Fjord. 

These observations were made by the Arctic and Antarctic expedi¬ 
tions of the German Government. The observations in South Georgia 
were made with a self-registering tide-gauge, those at Kingua-Fjord 
by the officers of the ship. The observations were reduced by Dr. 
Borgen, of Wilbelmshaven, and further information will be found ip 
the paper referred to above* 

The gauge was erected in South Georgia in January, 1833, and was 
in operation until the end of April, when it was pat out of order by 
beayy weather. The observations began again on 21st May, and 
continued until 2nd September, pritfr breaks of only a few hoars or of 
a day caused by ice. The menus of the values derived from the two 
periods of observation are given below, 

* 4 Sepvat-Abdruok aus dem DeuUohen Folarwevta,’ Asher, Bedim. 
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At Kinguo-Fjord, the head of the expedition, Dr. Giese, charged 
M. Muhleisen with the duty of making the observations. The 
observations began on 22nd July at 6 A.H., and continued until 1st 
September, 8 r.M., a period of 41 days. The height of water was 
observed every two boars, and also every five minutes about high and 
low water. From these observations a continuous tide-curve was 
formed which was treated by harmonic analysis. 

Dr. Borgen informs me that the values of k for the diurnal tides 
K v 0, P, as printed in his paper, require correction by 180°. This ^ 
arose from the fact that the observations, as subjected to reduction, 
began at midnight. The correction has been made in the table bej[ov/. 
The heights are given in metres by Dr. Borgen, but have been reduced 
to feet. 

Kerguelen Island . 

These results are from a letter of Dr. Borgen to me, dated July 22, 
1887. He writes:— 

“I have just finished the calculation of the tides at Kerguelen 
Island, Betsy Cove, where we had a self-registering tide-gauge put 
up by the officers of H.M.S. 44 Gazelle/’ when there for the purpose 
of observing the transit of Vonus in 1874. The observations com¬ 
mence at noon November 16, 1874, and close at noon January 29, 
1875. Some difficulties, which arose from choking up <*nd partially 
destroying the pipe in which the float moved, caused two inter¬ 
ruptions of five and nine days. From this cause, and because the 
weather in that region is rather boisterous (we noticed 450 bonrs out 
of a quarter of & year, or 2,160 hours, with a velocity of the wind 
higher than 15 metres per second), I am inclined to think the 
constants are not quite so satisfactory as they would have been in a 
calmer ocean,” 

The resn)ts have been reduced from centimetres to foot. 

The Hudson Straits Stations. 

The observations at these stations were taken under the super¬ 
vision of Lieutenant Gordon, R.N. The length of observation at 
each station was short, and the results must be correspondingly 
uncertain. The dates at which the observations began are entered in 
the table below, together with the periods. 

The obseivations at Port Burwell were taken every two hours, and 
at all the othor stations, besides the bi-bourly measures, observations 
were taken at intervals of five minutes about the times of high and 
low water. The reductions were made by Lieutenant Gordon, with 
the assistance of Professor Carpmael, of Toronto. 

During the observations at Ashe Inlet, and at Stupnrt’s Bay, the 
Straits were choked with ioe, and this may have exercised some 
influence on the tides. 
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Governor's Island, Nets York Harbour. 

In an appendix to the 1 Report of the United States Coast Surrey 1 
for 1885, Professor Ferret gives the results of harmonic analysis 
applied to tidal observations at this station. A map shows the sites 
of the tide-gauges at Governor's Island and at Sandy Hook. 

Mr. Ferrel's treatment of the tide differs from that recom¬ 
mended in the Reports of the British Association, and his entry for 
is therefore here omitted. 

In the preface to tho previous collection of results a memorandum 
by Mr. Ferrel, about the phases of the tides, was quoted. In a foot-* 
note* added after the paper had been presented, I remarked that it 
was not easy to accept Mr. Ferrel's memorandum as conclusive of the 
identity of treatment of the American tides with the procedure 
recommended by tho British Association. The same reason, which 
then oansed me to feel this doubt, applies to the present series of 
results, and it will therefore be well to state the case somewhat more 
fully than was possible in the footnote referred to. 

In the * British Association Report for 1883 1 the equilibrium theory 
of tides is developed so that each tide is represented by a positive 
canine. Now, there are two of the tides, viz,, those initialled L and 
X, in which tho development naturally leads to a negative cosine, and 
if these terms are to appear as positive cosines, 180° must bo added to 
the argument. It follows, therefore, that if Mr, Ferrel retains the 
cosines in the negative form, the angles * for L and X, as tabulated 
by him, must be augmented by 180°, in order to bring his results into 
accordance with oavs. Now, it may be observed that in all the results 
tabulated by the U.S. Coast Survey, the tides L and X are apparently 
in diametrically the opposite phase from that of all the other semi¬ 
diurnal tides. 

That this is actually the caso Appears physically so improbable that 
I conjecture, even in the face of Mr. Ferrol's memorandum, that he 
uses a different convention as to the tides L and X, and that to read 
his results in our notation his values of # should be augmented by 
180 4 . I here tabulate, however, the values as I find them. 

Whilst speaking of this point, it is impossible not to refer to the 
very remarkable peculiarity of the tide K* in the results for Sandy 
Hook in the previous collection, and for Governor's Island here. It 
is obvious that all the semidiurnal tides of true astronomical origin 
should be nearly in the same phase, but here we have a single tide 
exactly inverted as compared with the rest. Is it possible that by 
some accidental obange of sign 180° can have been erroneously 
imported into the result P 
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Singapore and Hongkong. 

I have no information about these observations. The results were* 
however, kindly placed at my disposal for this collection by Mr. 
Roberts. They were given me in the form which was used before the 
pnblication of the Report of 1883 to the British Association, and I 
am responsible for the redaction to the standard form. 

Mr. Roberts performed the reductions of the observations himself, 
and has published the tide tables for the two ports ou behalf of the 
Governments of the two colonies. He proposes to write a paper on 
these tides, which will doubtless give the information which is here 
wanting. 

Indian Stations . 

Major Baird and Mr. Connor have sent me for publication the 
values of the constants at a large number of stations in India. 

I have divided them into two groups. The first of these comprises 
stations for which results were published in the paper by Major Baird 
and myself in the 1 Proceedings of the Royal Society.’ Many years of 
observation are thus added to the previous ones, and the mean values 
of the constante given bolow include the values given in our paper of 
1885. The station at Karachi is especially valuable for tidal theory, 
since wo now have results for nearly a whole lunar cycle of nineteen 
years. The second group comprises a number of ports, for which 
the constants have been only hitherto published in the prefaces to 
the Indian Tide Tables.* 

The constants for certain tides initialled 2N, MN, MK, 2MK are 
now given for the first time.f The first of these, 2N, is the elliptic 
semidiurnal tide of the second order. It appeared from the develop, 
ment of the equilibrium theory that it might be easily sensible, and 
the values now given prove that this is the case. The other three, 
MN, MK, 2MK, are shallow water tides arising from the interference 
of the principal lunar tide M s , 1st, with the larger elliptic tide If, 
2udly, with the lam-solar diurnal tide K lv and 3rdly, with the lunar 
diurnal tide 0. The two latter of these, viz., MK and 2MK, also arise 
from the interference of M 4 with 0, and from M 4 with K r The 
values appear to be all fairly consistent from year to year at the 
riverain stations, but at other places they are obviously quite without 
significance. 

Mean Sea Levels . 

In our previous paper we did not give the mean sea levels, as deter¬ 
mined from each year of observation. 

* Published by authority of the Government of India. 

t See introduction to our previous paper on the “Results of Harmonic 
Analysis.” 
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Major Baird has now caused to be sent the mean sea levels with 
reference to the zeros of the several tide-gauges* The reference of 
the zero of any gauge to a bench-mark ashore has principally a local 
interest, Pull statements on this head are given in the prefaces to 
the Indian Tide Tables, but those are not reproduced. 

The table of mean sea lovcls which follows immediately comprises 
all the stations in which more than a single year of observation has 
been reduced. The day of the month, prefixed to each series of 
results, denotes the first day of the year for which the mean sea level 
is given. 

In the Fourth Report to the British Association on ‘ Harmonic 
Analysis’ (1886), it is shown that the oscillations of mean sea level are 
far too large to bo explained by the known astronomical inequality 
with a period of nearly nineteen years. 

This is not a convenient occasion for the discussion of the present 
series of values, but I remark that 1882 was a year in which the 
whole Indian Ocean stood low, whilst 1885 was one in which it stood 
high. 

If variation iu the Sun’s temperature is the cause of variation of 
sea level, we might expect to find a periodicity with a period of ten or 
eleven years. It is then worth noticing that at Karachi there is a 
minimum in 1872 and again in 1882* The observations are clearly 
insufficient to do more than to raise the question. 

[Captain Wharton has been good enough to give me Mr. Russell's 
results for mean sea level at Sydney, and it is interesting to note the 
very large oscillation of level, with a minimum simultaneous with 
that at Karachi,]+ 

* Snfirer gives 1878*8 as the time of minimum sun-spots* 
f May 8,1889. 
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Height in feet of Mean Sea-level above Zero of Gauge, 


Aden , 
(March a.) 


1879- 80 

1880- 1 

1881- 9 

1882- 3 

1883- 4 

1884- 5 

1885- 6 

1886- 7 


Karachi . 
(May I.) 


(May 

1868- 9 .. 

1869- 70 .. 

1870 - 1 .. 

1871- 2 .. 

1872- 3 .. 

1873- 4 .. 

1874- 6 .. 

1875- 6 .. 

1876- 7 .. 

1877- 8 .. 

1878- 9 .. 

1879- 80 .. 

1880- 1 .. 

1881-2 .. 

1882-3 .. 

1888-4 .. 

1884- 5 .. 

1885- 6 .. 


Bhavnagar . 
(January 1.) 

1886 .... 22-799 

1887 .... *710 


Bombay . 
(January 1.) 


10*265 

184 

*187 

*248 

*194 

*267 

*266 

*804 

•267 


Mormug&o . 
(March 16.) 

1884 6 .... 6*612 

1886-6 .... *677 

1886-7 .... *578 


Karwar, 


(March 1.) 


1878- 9 .... 

6*650 

1879-80 .... 

•541 

1880-1 .... 

*564 

1881-2 ... 

*615 

1882-8 .... 

*492 

Beypore . 


(December 1.) 

1878-9 .... 

6*386 

1879-80 .... 

■892 

1880-1 .... 

*412 

1881-2 .... 

*412 

1882-8 .... 

•895 ‘ 

1888-4 .... 

‘301 

Cochin. 


(January 25.) 1 

1886-7 .... 

2-422 

1887-8 .... 

•369 

Qatte. 


(April 1.) 


1884-5 .... 

2*656 

1886-6 .... 

•700 

1886-7 .... 

*679 

Colombo . 


(February 1.) t 

1884-5 .... 

2*208 

1886-6 .... 

‘281 

1886-7 .... 

*304 

Paumben 

a 

(October 1.) 

1876-9 .... 

2*666 

1879-80 .... 

*707 

1880-1 .... 

•769 

1881-2 .... 

*705 


Negapatam. 
(Deoomber 6.) 
1B81-2 .... 1*996 

1882-8 .... 2*048 

(March 20.) 
1885-6 .... 1*811 

1880-7 .... 2*048 

1887-8 .... 2*047 


Port Blair . 
(April 19.) 


1880-1 

1881-2 

1882-8 

1883- 4 

1884- 5 
1886-6 
1886-7 


Moulmein. 
(April 17.) 


1880-1 

1881-2 

1882- 3 

1883- 4 

1884- 5 

1885- 6 


Amherst 
(August 5.) 

1880- 1 .... 13*591 

1881- 2 .... *974 

18828 .... *701 

1883- 4 .... *767 

1884- 5 .... *688 

1885- 6 .... *811 


Rangoon , 
(Maroh 1.) 

1880-1 .... 16*074 


1881-2 

1882- 3 

1883- 4 

1884- 6 


14*980 

*968 

*925 

*789 
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Elephant Point, 
New Site. 

(January 1.) 

1884 .... 16*814 

1885 .... 16*041 

1886 .... *878 

1887 .... *799 


Chittagong. 
(June 6.) 

1886- 7 .... 8*851 

1887- 8 .... 7*945 


Kidderpore. 
(Match 22.) 

1881- 9 .... 10-739 

1882- 8 .... *686 

1883- 4 .... *699 

1884- 6 .... *669 

1885- 8 .... *950 


Diamond Harbour. 
(April 4.) 

1881- 2 .... 8*976 

1882- 8 .... 9*011 

1888-4 .... 8*999 

1884-6 .... *897 

* 1885-6 .... *804 


Dublat. 

(April 22.) 

1881- 2 .... 14*394 

1882- 8 .... *499 

1883- 4 .... *417 

1884- 5 .... <879 

1885- 6 .... *268 


1881- 2 .... 7*653 

1882- 8 .... *597 

1883- 4 .... *693 

1884- 5 .... *492 


Vuagapatam, 

(February 8.) 

1879- 80 .... 4*991 

1880- 1 .... *917 

1881- 2 .... *809 

1882- 3 .... *812 

1883- 4 .... *813 

1884- 5 .... *630 


Gocanada. 
(Much 31.) 

1886- 7 .... 6*488 

1887- 8 .... *212 


Madras. 
(February 1.) 
1880-1 .... 2*261 

1881- 2 .... *209 

1882- 3 .... *179 

1888-4 .... *180 

1884- 6 .... *184 

1885- 6 .... *051 


Sydney Harbour. 


(January 1.) 


1873 

a • • • 

8*631 

1874 

*l «* 

*628 

1876 

a • « • 

*666 

1876 

• • • a 

*602 

1877 


•867 

1878 

• •aa 

•208 

1879 

• • • • 

•247 

1880 

• • • • 

*100 

1881 

• • » • 

2*650 

1883 

* • • • 

*607 

1883 

• <*f 

*668 

1884 

*• • • 

•679 

1886 

• • •• 

*468 


False Point. 
(May 1.) 


Do ret .. 

Table of Latitudes and Longitudes. 
European Stations . 

lat. 

. 61° ¥ K . 

long. 

.. !• O' v 

Oatond . 

. 51 14 . 

,,, g gg 

RtHgnUful ttlT ,, _ 

. 64 48 . 


CbpcaUuuzeu... 


• • • 18 86 

wfvMuwgvu mm •• • 

Greenland and Davis Straits . 


•Angiwtgfffllil r r , a ( 


i«« 87 16 W 

Nanortalik .. 


>•• 45 16 

Godtto&b .* * 


,,, 5i 44 

Kingni Fjord . 

. 66 86 . 

67 SO 


Hudson's Straits . 

r ■ * \Jf SV 

Fort Burwtll . 


64 iAW 

Alto Inlet . 


70 iik 

Stuport'a Boy . 


> a a »W on 

71 M 

Nottingham Island • 


■at # 1 91 

IS1 77 m 

Fort Laperri&re ... 


• • * it CQ 

... 78 1 
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Southern Stations . 

Kerguelen Island, Betsy Core. 49 9 S. 

South Georgia. 64 31 

U.S. Coast Survey, 

Governor's Island, New York Harbour ...... 40 42 N. 


70 12 E. 
86 1W. 

74 1W. 


Straits Settlement and China. 

Singapore . 

Hoog Kong 


1 17 N. 108 61 E. 

22 16 . 114 10 


Aden. 

Karachi . 

Bombay . 

Beypdre . 

Negapatam. 

Madras... 

Vizagapatam .... 

False Point. 

Dublat... •. • 

Diamond Harbour 

Kidderpore. 

Eangoon. 

Amherst. 

Moulmein. 

Port Blair . 


Old Indian Stations. 


12 

47 N. 

.. 44 

69 E, 

24 

47 . 

.. 66 

58 

18 

65 . 

.. 72 

60 

11 

10 . 

.. 75 

49 

10 

46 . 

.. 79 

63 

13 

4 . 

.. 80 

16 

17 

41 . 

.. 83 

17 

20 

25 . 

.. 86 

47 

21 

38 . 

.. 88 

6 

22 

11 . 

.. 88 

14 

22 

82 . 

.. 88 

22 

16 

46 . 

.. 96 

12 

16 

6 . 

.. 97 

34 

16 

29 ...... 

.. 97 

40 

11 

41 

.. 92 

45 


Nero Indian Stations. 


Bhavnagar . 

MormiigHn - 1 rt .. M .. M 

. Ifi 

48 N. ... 
26 ... 

.... 72 
.... 72 

9 

50 

15 

13 

60 

15 

60 

67 

rVmliin .. .... T 11 ... t . 

. 9 

68 

.... 76 

Galle . 

. 6 

1 

.... 80 

Colombo .. 

. 6 

66 

aaa* 79 

Cqcanada 

. 16 

60 

a a .a 82 

Olkitfcaeone .... . ; . 

. 22 

20 •• • 

a. a . 91 

Akyab ... 


8 • a • 

.... 92 

Elephant Point, New Site . 


29 

.... 96 

19 





























































Harmonic Analytic of Tidal Observations. 


5 &t 


1.—Table of Harmonic Constants at various Ports. 
Dover. 


Commence 0 January 1. 












Prof. G. fl. Darwin. 


I.—Table of H&rmonio Constanta at various Ports. 
Ostend, 


Commence 0 h.» January X. 



1888. 

1884. 

1885. 

Mean. 

Mean error 
of phase. 



H ~ 

0*056 

0*092 

0*053 

0*067 

15° 

a •» 

292 

317 

280 

297 

H » 

1 '688 

2-030 

1-720 

1*798 

4° *9 

K *» 

«5 

57 

69 

63 

H - 

6-868 

6*004 

5*889 

5*917 

' 1 

K — 

12 

12 

13 

12 

H - 

0*016 

0*018 

0*031 

0*020 

H9 

It » 

77 

62 

93 

77 

n - 

0*842 

0*883 

0-867 

0*364 


K * 

344 

345 

347 

345 


H - 

0*213 

0*256 

0-228 

0*232 

l o, 0 

K =“ 

3*6 

312 

316 

3*4 

H - 

0*090 

0 117 

0*111 

0*106 

8° *9 

K ™ 

*43 

237 

247 

242 

H - 

0*326 

0*321 

0*322 

0*323 

8**4 

K 

*74 

109 

177 

*73 


0 *167 

0*177 

0*183 

o«m 

1°*2 

K » 

354 

352 

355 

354 


H - 

0*105 


0*081 

0*079 

9"-4 

K «* 

34* 

320 

335 

33a 

H - 

0*088 

0*135 

0*117 

0*113 

6 s *4 

it — 

127 

143 

130 

*33 

H - 

0*087 

0*510 

0*325 

0*507 

19° 

a » 

35 

79 

48 

54 

H - 

a ■ 

0*946 

6 

1-172 

5 

0*878 

351 

0*998 

0 

( T -9 

H - 

0*336 

0*468 

0*239 

0*348 

21° 

* » 

340 

320 

10 

343 

H « 

0*233 

0*245 

0*223 

0*234 

5° *6 

K — 

54 

45 

59 

53 

H- 

0*165 

0*187 

0*160 

0*114 

80* 

a *» 

291 

359 

298 

3*6 

H - 

0*177 

0*210 

0 134 

0*174 

aaa 

a — 

"5 

*35 

63 

106 

3KT 


0 106 
aos 


0 098 

*55 


0*219 

»7 


0*101 


28° 













Harmonic Analysis of Tidal Observation*. 


m 


I.—Table of Harmonic Constants at various Ports. 


Year. 

1 

H 

'g* 

w 

Copenhagen. 

Greenland. 

Pavia Straita. 

1 

1 

3 

■3 

si 

r-f 

"a# 

S 00 

l 

fi 

g/H- 

0-79 

0*089 

— 

1*24 

1*64 

2*67 


40 

*49 

1 

203 

229 

202 

*{. H : 

«• •• 



«• • • 

MM 

Small 

M./H- 

810 

0*196 

1 1 

2*83 

4*40 

7*43 


333 

*77 

119 

16 x 

*93 

*59 

M 4 {=- 

.... 


• • •• 

• • a ■ 

• ■ • • 

SmaU 

4 l* “ 







o/ H " 

0*34 

0-069 


0*86 

0*30 

0*88 


*43 

9 


74 

8 i 

47 

k,/ h - 

0*21 

0-876 

■ a • • 

0*62 

0G9 

0*27 r 

* l t« - 

35 

*3 

ii •• 

1*4 

127 

32 

k.;h- 

017 

0*016 

MM 


0*43 

' 0*78 


27 

*45 

l« M 


227 

199 

p/H- 


o-on 

M « « 


0 23 

0*84 


S3 


II II 


125 

1 38 

-JH- 

0*46 

0-022 

MM 


0*18 

0-16 

L l« - 

34* 

4» 

II II 


291 

167 

1 

W JH “ 

0*46 

0*060 

MM 


0*86 

1’80 


*99 

*48 

• a • • 


! 188 

144 
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Prof. G. H. Darwin. 


I.—Table of Harmonio Constant* at rariou Ports. 























Harmonic Analysis of 71 dal Observations. 

I. —Table of Harmonic Constanta at various Porta. 
Governor's Island, New Singa 

York Harbour. pore . 



Singaw 

Hong - 

pore . 

hong. 

October, 
1882 
(l year). 

1883 

(lyear). 

0 053 

0*04 

Hi 

101 

1*067 

148 


2*602 

1*43 

300 

266 

0*053 

0*08 

464 

3*0 

0 035 

0*01 



* See remarks in preface on the phaeea in these cases. 

2 Q 2 


010 

90 
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Prof. G. H. Darwin, 

II.—Table of Harmonic Constants at Old Indian 
Aden. 

Commence 0 h. t March 3. 


1833*4. 1884-5. 1885-G. 1886-7. 


Mean of 
8 yean. 
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Harmonic Analysis of Tidal Observations . 


II.—Table of Harmonio Constants at Old Indian Ports. 
Aden, 

Commence Oh,, March 3, 


Year. 1883-4. 



1884-5. 

1885-0. 

0*434 

0-444 

zil 

220 

0-107 

0-091 

*77 

1 99 

0-037 

0*033 

*59 

201 

0*156 

0-000 

**4 

180 

0*083 

0*080 

*93 

180 

0*019 


2 4* 


0 081 

1 

275 

H H 

0 014 

0-006 

«3i 

*73 

0*014 

0-019 

108 

109 

0*030 

0*005 

335 

37 

0*033 

0*011 

43 

*3<S 

0*008 

0*003 

282 

3« 

0*039 

0*016 

53 

1 

0*013 

0 038 

3<5 

*4 

0*019 

0*013 

265 

189 

0*367 

0*448 

35* 

3 

0*103 

0*183 

*59 

*44 



Mean of 
8 years.* 



* Bscept where noted thus (4), when this represents the number of years. 
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F*o£ 0» H. Dftrwia. 


II.—Table of Harmonic Constants at Old Indian Ports. 
TZaraehi. 


Commence 0 h., May 1. 


Year. 

1883-4. 

1884-6. 

1885-6. 

Mean of 

18 yearn.* 

».{?: 

0 074 

0-065 

0-072 

0-079 

17* 

*83 

>74 

l6l 

S./ H “ 

0'962 

0-963 

0-950 

0-949 

M* - 

314 

323 

322 

322 

M?= 

0-010 

*5 

0-011 

44 

0-010 

43 

0010 

18 

*{?: 

0 006 

0*006 

0-006 

0 007 , lm 

298 l 16 ) 

280 

3*4 

3*6 

+{fz 

0-002 

0-001 

0-001 

(13) 

288 

240 

>S>4 

«-{?= 

0*081 

31 

0*042 

in 

0-037 

>34 

0 046( 17 ) 

m.{=: 

2-506 

2-646 

2-652 

2 613 

294 

*94 

*93 

*94 


0 029 

0*027 

0-036 

0*038 

m, \ic » 

347 

349 

337 

33* 

«/H - 

0 033 

0*029 

0-029 

0 036 

“‘l* - 

16 

21 

*5 

*5 

M /H “ 

0 060 

0*045 

0-063 

0*049 


206 

206 

199 

209 

m./h- 

0-006 

0*001 

0 006 

0-005 

266 w 

"I* - 

196 

3*2 

267 

o/=- 

0-662 

0-666 

0-603 

0*060 

l* - 

4* 

47 

47 

47 


1-301 

1*800 

1*305 

1-284 

K, t« - 

47 

4« 

46 

46 

M?: 


0-808 

b '269 

0-281 

322 

316 

3^ 

3*9 

p/H- 

0*392 

0:896 

0-407 

0-388 


4« 

4« 

4$ 

45 

j/H- 

o-ui 

0*071 

* 0 040 

0*078 

J l* - 

$* 

80 

4* 

89 

«{?: 

0183 

0*111 

0 125 

0*128 

43 

4« 

53 


1,/H- 

0-05* 

0*076 

0 075 

0*078 


*«s 

316 

281 

298 


* Except where noted thus (16), where thie represent# the number of years. 















Harmonic AnafyMc of Tidal Observation*. 070 

11—Tabid of Harmonic Constanta at Old Indian Ports. 
Karachi* 


Omdumdoc 0 h., May X. 



Except where noted thut (15), where this repreeenU the number of yean. 
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Prof. Q. H. Darwin. 


II.—Table of Harmonic Constants at Old Indian Porta. 
Bombay. 

Comrnenee 0 h., January 1. 


Year. 

1883. 

1884. 

1886* 

1886. 

Mean of 


9 jean. 

*{?: 


0*059 

0*068 

0*059 

0 069 

■ED 1 

*73 

168 

186 

178 


1 *623 
* 

1-686 

1 

1*627 

3 

1-628 

3 

1*625 

3 

*w 

it a 

0 003 

0 007 

0 010 

0*011 

0010 

5 

359 

325 

*5* 

287 

*{?: 

0 004 

0 003 

0 003 

0*003 

0*003 

*93 

169 

i«4 

260 

i®5 

*{?: 

0 001 

' 0-003 

0*002 

0 002 

0*002 

54 

124 

106 

108 

107 

ufH- 

0 067 

0*126 

0*060 

0 008 

0 056 

M| \ir - 

77 

55 

69 

*7 5 

40 

M / n " 

4-087 

4 071 

4 072 

4*041 

4*043 


3*9 

3*8 

330 

33 O 

330 


0*061 

0 064 

0 079 

0-079 

0 067 

M »l« - 

*5 

a 5 

34 

*5 

*5 

Mf: 

0*184 

0 126 

0*121 

0*140 

0 127 

3*6 

320 

3*7 

3*4 

3*3 

w JH- 

0*012 

0-011 

0 *010 

0*006 

0 011 

M« - 

83 

58 

96 

5 1 

94 

M /H- 

0-007 

0 008 

0 007 

0-005 

0*006 


35* 

357 

1 

*4 

35* 

355 

n/H * 

0*663 

10-676 

0*682 

0*657 

0‘658 

°i« - 

48 

48 

48 

48 

48 

k /h- 

1*803 

1*401 

1-898 

1-406 

1*396 

M* - 

45 

45 

46 

45 

45 

*{?: 

0*383 

0*435 

0*415 

0*864 . 

0'406 

355 

35* 

346 

35* 

35* 

p fH- 

0*391 

0-416 

0*415 

0*404 

0**404 

*!■ - 

45 

44 

43 

44 

43 

j/H- 

0*109 

0 143 

0*099 * 

0*048 

0*094 

J t« - 

4© 

5* 

86 

90 

7o 

<*{?: 

0*129 

0-147 

0 182 

0 183 

0*138 

59 

49 

3« 

40 

49 

lI h - 

0 08ft 

0*079 

0-041 

0*006 

0 088 

M* - 

*4* 

318 

305 

3*3 

308 
















Harmonic Analytic of Tidal Observations. 


IL—Table of Harmonic Constants at Old Indian Ports. 
Bombay, 

Commence 0 h.» January 1. 



Mean of 
9 year® • 


1-001 

0-997 

3<* 

3*3 

0-182 

0 161 


281 


52, 

!* 

0-210 

0186 

14» 

3 l 7 

0 186 

0 197 

317 

306 

°J?» 

1 

II 

o 'ii 6 w 

0 137 

0 136 

*3 

*4 

0*029 

0-038 

98 

106 

0 096 

0*112 

*9* 

*73 

0 098 

0 066 

181 

<54 

0-062 

O-0G9 

49 

68 

0-046 

0-050 

284 

26 

0 061 

0-066 

«♦ 

1 

0-036 

0-088 

198 

220 

0*110 

0*131 

17 

3*o 

0-176 

0 120 

146 

an 


* Esoept where noted thus (4), where this represents the number of yean. 
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. Prof. G. H, Darwin. 

II.—Table of H&monio Constants at Old Indian Porto. 


Beypore. 

Commence 0 fa., December 1. 
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Harmonic Analysts of Tidal Observations . 

II.—Table of Harmonic Constanta at Old Indian Ports. 

Negapatam. 

Commence 0 h., March 20. 


year . 

1886-6. 

1888-7. 

1887-8. 

Mean of 


5 yea re. 

« ;h - 

0-040 

0 021 

0*056 

0*042 

M* - 

96 

97 

120 

106 


0-284 

0-261 

0-240 

0*268 

M* - 

181 

l8l 

*85 

383 

•-{?: 

0-006 

0*006 

0*004 

0*005 

107 

126 

140 

*35 


. 0 001 

0*001 

0-002 

0*001 

146 

353 

9« 

*59 


0*001 

0001 

o-ooo 

0 001 

34* 

219 

*53 

3*3 

m/ h ” 

0*017 

0 016 

0*008 

0010 

M *\* - 

303 

2 g 9 

4 

308 

M fH - 

0-739 

0-700 

0*654 

0-708 


149 

* 5 * 

353 

35* 

■jur r h ** 

0 004 

0-002 

0*004 

0*003 


*s 

73 

78 

89 

«.{?: 

0 017 

0-021 

0-031 

0*022 

7* 

76 

96 

7P 

«f H - 

0 011 

0-010 

0*009 

0*011 


114 

*35 

*34 

*30 

»•{? : 

0'004 

0*008 

0*001 

0*003 

353 

335 

149 

268 

o/H- 

0-087 

0*087 

0*088 

0*089 


318 

316 

33i 

322 

K TH- 

0*224 

0*210 

0*210 

0*220 

M« - 

347 

349 

349 

347 

Mf: 

0 078 

0*097 

0*091 

0*084 

185 

i8tf 

282 

485 

p fH- 

0 080 

0*076 

0-074 

0*079 


340 

348 

344 

345 

,/H - 

0*019 

0*014 

0*008 

0-013 

J l« - 

357 

35 

35* 

351 

«•{?: 

0 007 

0 001 


0*005 

2S4 

310 

34 . 

470 

l /h- 

0*089 

0-047 

0*030 

0*084 

n« - 

* 6 $ 

119 


l6| 
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Prof. G. H. Darwin. 


II.—Table of Harmonio Constants at Old Indian Ports. 


Negapatam. 

Comm one© 0 b., March 20. 


Y©bp.. 

1885-6. 

1886-7. 

1887-8. 

Mean of 


6 years.* 



mm 


0*168 

a x« - 

*37 

MEtm 


*39 

»{?: 


0*015 


0 025 


183 

214 j 

210 


0 016 

0*081 


0 019 () 

*73 1 ' 

H« - 

307 

3*4 

m 

„JH = 

0 030 

0*015 


0-084 

V U - 

209 

*73 

*79 

239 

„;h- 


0*016 

0-014 

0 017 

n* = 

128 

103 

104 

1x6 

*{?: 

■ • • * . 

0*031 

300 


0*031 m 

3*5 (2) 

T ftt~ 


0 037 


0 044 (2) 

*49 v ' 

*1* - 


*43 


ms{°: 

0-018 

0*018 

0-024 

0*019 

86 

107 

1U 

99 


0*006 

0*003 

0 006 

0*006 

198 

*30 

208 

a°3 

M *{?: 

0 024 

0*048 

0-022 

0*028 

121 

162 

*55 

“3 

**{?: 

0*010 

0-016 

0*020 

0*014 

<9 

*. *«♦ 

l 9S 

H9 

«*{?: 

1 

| 

0007 

0*007 

335 

336 

33* 

337 

Mm {" - 

0 076 

0*008 

0*048 

0*049 

318 

347 

35* 

335 

»{?: 


0*008 

0*078 

0*066 

354 

5 

35* 

1 

“*{?: 

0-028 

0*026 

0*043 

0 065 

82 

5* 

»5 

33 

*{?: 

0*348 

0*444 

0*364 

0*444 

*49 

230 

228 

*34 1 

1 

*•{?: 

M§e! 

0 f 828 

0*377 

0'844 ! 

«9 

U9 

lit 

t*8 j 


* Except where noted that (2), where this represents the number of yeu*. 
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Harmonic Analysis of Tidal Observations • 

II.—Table oi Harmonic Constants at Old Indian Ports. 
Madras, 

Commence 0 h., February 1. 


Year. 

1883-4. 

1884-6. 

1886-6. 

Mean ot 


6 years. 

*{?: 

0 *026 

0-066 

0017 

0-029 

88 

100 

75 

90 

*{?: 

0'436 

0-460 


0*437 

i8o 

280 

290 

280 

S /H- 

0*002 

0 005 

0 003 

0*003 

M* - 

**7 

30* 

288 

* l 5 

*{?: 

o-ooi 

0-001 

0 001 

0-001 

5<S 

63 

66 

87 


0-000 

0-001 

0 001 

0*001 

198 

333 

50 

298 

M /H- 


0-038 

0-018 

0*014 


41 

*«3 

269 

34* 

mJ h “ 

1-033 

1068 

0-983 

1-037 


*5° 

248 

*59 

*50 


0-004 

57 

0 003 

8 

0*003 

0 

0*004 

4* 


0 002 

0 019 

0 014 

0*007 

*\k - 

154 

226 

225 

>74 

Mf:| 

0-006 

0*008 

0*006 

0008 

160 

*«5 

204 

165 

M./H- 

0-002 

0-001 

0*003 

0*002 

"l* - 

*9 

*9 

192 

63 

0 / H ■ 

0 096 

0-100 

0 089 

0*i*9tf 

w l* - 

331 

322 

333 

3*7 

Kt JH- 

0-201 

0*296 

0*286 

0*292 


34* 

34 1 

346 

34* 

* tf 

8 N 

0 116 

0*086 

0*118 

0109 

268 

269 

305 

280 

pfH- 

0 091 

0*104 

0-090 

0*096 


344 

346 

345 

345 

,/H- 

0*022 

0*030 

0 006 

0 020 


318 

34® 

323 

3*4 


0 002 

0-007 

0009 

0*006 

68 

280 

96 

130 


0-037 


0*040 

0*085 

l« - 

a*7 

1 

359 

*99 

3*« 
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Prof. Gk H. Darwin, 


II.—Table of Harmonic Constants at Old Indian Ports. 
Madrat. 


Commence 0 h., February 1. 



Except where noted thus (8), where this represent# the number of years. 
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Harmonic Analysis of Tidal Observations. 


IT. —Table of Harmonic Constants at Old Indian Forts- 

Vizagapatam. , False Point . 

Commence 0 h., February 3. Commence 0 h , Kay 1. 
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Prof. G. H. Darwin, 


, II.— Table of Harmonic Constants at Old Indian Ports. 


Vixagapatam. False Point. 

Commence 0 h., February 3. Commence 0 h., Hay X. 


Year. 

1883-4. 

188«. 

Mean of 

6 yearn.* 

1883-4. 

1884-6. 

Mean of 


4 years.* 

*{?: 

0-206 

*♦« 

0*298 

*5* 

0-308 

24S 

0*425 

264 

0-439 

*58 

0*464 

264 

»{f: 

0*039 

144 

0*056 

318 

0*062 

*33 

0*066 

*38 

0*050 

240 

0*068 

*49 

»{f: 


0*030 

*99 

0-023 

161 

0*019 

33* 

0*066 

27a 

0*063 

33* 


0116 

»57 

0*095 

**3 

0*086 

213 

0 036 

305 

0 136 

3 ©I 

0*114 

*73 


0 028 

0*036 

264 

0 028 

260 

0 069 

0*042 

*5* 

0*066 

266 

*{f: 


0 025 

69 

0 *026,0, 
148 w 


0-014 

264 

0,024 (8) 

*{?: 

. 

0 036 
282 

0*046 fg. 
x6 9 

*« 

0*099 

280 

0-058 (8) 

ms{=: 

0012 

18 

0-007 

183 

0-011 

35« 

0 041 

2 66 

0-039 

t6i 

0*040 

269 


0*004 

0*012 

210 

0*011 

*39 

0 020 
289 

0*028 

**3 

0*020 

*94 

Mif {?: 

0*043 

30 

0*030 

59 

0*037 

37 

0*017 

0 

0*047 

*7 

0*051 

21 


0*022 

334 

0*022 

*5 

0*018 

358 

0*027 

101 

0*016 

227 

0*026 

*58 

“*{?: 

0*010 

3*3 

0*016 

3*7 

0*012 

3*9 

0*010 

346 

0*0X0 

I 

0*010 

340 

M?= 

0 02§ 
.65 

0*010 

7 

0*043 

21 


0*014 

43 

0*046 

67 



0*073 

3* 

0*064 

*4 

0-067 

0*099 

3* 

0*076 

29 

M8i{f: 

0 026 
35« 

0*019 

39 

0*038 

22 

0*039 

158 

0*014 

24* 

0 038 
*78 

<: 

0*612 

*95 

0*694 

281 

0*894 

184 

0*841 

17* 

0*888 

162 

0*829 

166 

-{?: 

0*364 

1*7 

0*360 

129 

0*340 

219 

0*282 

*54 

0*280 

*58 

0*279 

*5* 


* Except where noted thne (8), where this represents the number of years. 
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9 Harmonic Analysis of Tidal Observations . 

IL—Table of Harmonic Constants at Old Indian Ports. 


Dublat. 

Commence 0 h., April 22. 



1886 -6. 

Mean of 

ft years. 

0*047 

0*046 

131 

14+ 

2*099 

2*107 

33° 

328 

0011 

0*016 

*37 

4*3 

0 003 

0*003 

*59 

in 

0*009 

0 005 

Uo 

101 

0*027 

0*017 

*9* 

356 

4*603 


*94 

291 

0*049 

0*048 

137 

*35 


0*088 

160 

149 

0*007 

0 011 

181 

221 

0*009 

0*010 

198 

*9+ 

0*196 

0*189 

336 

33* 

0*493 

0*404 

35+ 

35* 

0*691 

0*628 

347 

3*5 

0*148 

0*151 

35° 

3+7 


0*031 

«7 

339 

0010 

0 011 

58 

353 


roc*, xlv. 


0*170 

300 


0*245 

3°* 


0*198 

*96 


2 
















588 Prof* G. H, Daiwin. 

II.—Table of Harmonic Constants at Old Indian Ports. 
Dub fat. 


Commence 0 h., April 22. 


Year. 

1883 4. 

1H94-6. 

1885*6, 

Mean of 

5 years.* 


H - 

0R20 

0-876 

0*882 

0 894 

N i 

K M 

*«s 

>8i 

287 

*85 

o w J 

H - 


0-200 

0 147 

0-166 

2N i 

K =* 

221 

*53 

264 

26t 

1 r 

H * 

0*085 

0 003 

0 163 

0-160 

M 

K »s 

261 

*77 

3*5 

*99 

„J 

II = 

0*142 

0-276 

0-828 

0-242 

n 

K - 

=95 

303 

276 

*75 

J 

"II - 

0-172 

0*107 

0 141 

0*150 

'‘I 

K *» 

14 

355 

IO 

10 


H - 

l* »» 

• see 

0 096 

3°7 

see* 

ee»e 

°-157 m 

198 (2) 

T \ 

H = 

* - 

a » 0 a 

M M 

0-175 

61 

■ Sit 

a • ■ • 

° ■*?(«> 

MS- 

rn = 

0-067 

0*074 

0 077 

0 074 

[ K * 

174 

*77 

*9* 

170 

9Q1LTJ 

rn =» 

0 053 

0 058 

0*044 

0*060 


L« - 

1 93 

198 

196 

202 

MN * 

(H- 

0-172 

0 050 

0*198 

0*120 

\K * 

55 

70 

20 

3 55 

MX- 

fH = 

0 023 

0 053 

0*072 

0 062 

l« - 

353 

*4* 

192 

. **5 

2MK 

f H - 

0 028 

0 050 

0*031 

0*035 

U - 

**5 

124 

97 

129 

Mm- 

rn- 


0 027 

0 020 

0 037 . 

U - 

hu$8 

43 

17* 

89 

Iff 

/H- 

Uss 

0 086 

0 082 

0*001 

JUI 

L* - 

HBhH 

34 

86 

60 

MSf 

;h- 


0*027 

0*042 

0*049 

\« - 

■xs& 

*34 

26 

29 * 

8a 

ra - 


0*930 

0*787 

0*876 


i* - 

153 

146 

*54 

*5* 

8sa 

fH- 


0*211 

0*146 

0*195 


L K •» 

*34 

162 

*37 

*4* 


• Except where noted thus (2), where thii represents the number of years. 
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Harmonic Analyst* of Tidal Observations. 

II.—Table of Harmonio Constants at Old Indian Ports. 
Diamond Harbour . 


Commence 0 h., April 4. 


Voar. 

1883-4. 

1884-5. 

1885-6. 

Mean uf 


5 years. 

M?: 

0 003 

0 002 

0*101 

0-091 

*5° 

161 


*55 

Mf: 

2*3252 

2*202 

2*199 

2*231 

26 

26 

26 

26 

Mf: 

0 132 

0*123 

0*123 

0*123 

330 

3*9 

3*5 

3*7 

*{?: 

0 015 

0*013 

0 006 

0 012 

168 

270 

*33 

*54 

«.{?: 

0-004 

0*007 

0-002 

0*004 

*4* 

286 

*75 

282 

Mi /h- 

0 022 

0 052 

0 032 

0-029 


*45 

203 

*77 

163 

m./ h “ 

'6 -177 

5*135 

6 '154 

6 164 


344 

345 

345 

344 

«.{?: 

0-061 

0 062 

0‘058 

0*050 

*45 

*37 

*25 

*30 

«■{?: 

0-762 

0-763 


0*762 

246 

*49 

*50 

*47 

at /h - 

0-163 

0*141 

0144 

0*150 


106 

112 

110 

208 


0*060 

0 *0>3 

0 053 

0-058 

344 

349 | 

354 

347 

o/n- 

0*211 

0 *217 

0*233 

0 226 


34* 

35° 1 

348 

34* 

Kt JH- 

O'DOS 

0 498 

0*515 

0 502 


16 

*4 

1 3 

*4 

I 1 

m st 

7 

0*730 

0*718 

0-622 

0-676 

*5 

*3 

30 

*5 


0 178 

0*184 

0*171 

0*176 

9 

12 

11 

10 

j/H - 

0 006 

0 035 

0-045 

0 030 


68 

26 * 

*4 

S 

<*{?: 

0 036 

0-019 

0-016 

0 026 

3<>4 

301 

44 

350 

L JH - 

0-201 

0*280 

Q-S76 

0-256 


335 

344 

8 

35° 


a b 2 
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Prof. G. H. Darwin. 


IT.—Table of Harmonio Constants at Old Indian Ports. 


Diamond Harbour . 



* Exapt where noted thus (2), where this represent* the number of jeer*. 
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Harmonic Analytic of Tidal Obtervutiont. 

II.—Table of Harmonic Constants at Old Indian Ports, 


Kidderpore. 
Commence 0 h. f March 22. 



; 5 


0*196 

68 
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Prof. G. H. Datwhi, 


II.—Table of Hannonic Constants at Old Indian Ports. 

Kidderpore. 

Commence 0 h., March 22. 
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Harmonic Analysis of Tidal Observations . 


II.—Table of Harmonic Constants at Old Indian Ports. 


Rangoon. 

Commence 0 h., March 1. 









Prof. G. H. Darwin, 


II.—Table of Harmonic Constants at Old Indian Ports. 


Rangoon. 

Commence 0 h., March 1. 


Year. 

1883-1. 

1884-6 

- 

1885-6. 

Mean of 

6 years.* * 



H - 

L* - 

1 ooc 

”5 

1-050 

lid 

1074 

118 

1017 

117 

2N- 

[f: 

0-108 

82 

0*233 

74 

0 118 

0 149 

97 

H 

H - 

L« - 

0-203 

*43 

0*320 

169 

0*228 

*97 

0*254 

170 

H 

[f: 

0*383 

U« 

0-508 

109 

0-465 

9» 

0*883 

107 

H 

[f: 

0-478 

288 

0-506 

288 

0-566 

29 1 

0-616 

Z90 


[?: 

0096 

lx 5 

. 

0*112 

45 

0108 (a) 

79 w 

T 1 

[f: 

0-222 

■8.1 


0-289 

124 

0-267(3) 

•45 v ' 

M3- 

rn - 
L* - 

0*421 

.0-386 

**4 

0*393 

218 

0-303 

212 

8SM- 

rn- 
L* - 

0-175 

6i 

0*154 

50 

0-187 

5* 

0*166 

54 

MN-| 

[?: 

0*154 

36 

0*006 

3 l 

0*275 

11 

0*168 

26 

MK-j 

[?: 

0 118 

102 

0 090 

6 J 

0*166 

€6 

0*140 

73 

2MK-| 

rn- 
L« - 

0*124 

5 6 

0*116 

61 

0 121 

49 

0*119 

55 

Mm-j 

m- 
l* “ 

0*279 

*5 

0*171 

5 

0*206 

12 

0*227 

17 

Mfj 

[f: 

0*228 

4« 

0*270 

29 

0*171 

37 

0*216 

3 « 

MSf- 

[?: 

0 541 

46 

0*680 

0*642 

.5* 

0*646 

49 

8a, 

!?: 

1-406 

*57 

1-201 

148 

1*184 

150 

1*376 

H 

[?: 

0*174 

1 

0 071 

263 

0*228 

298 

0 142 

318 


# Except where moled thus (8), where this represents the number of year* 
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Ilarmonto Analysis of Tidal Observations . 

II.—Table of Harmonic Constants at Old Indian Forts. 
Amherst . 

Commence Oh., August 5. 
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Prof. G. H. Darwin. 


II.—Table of Harmonic Constanta at Old Indian Ports. 


Amherst. 

Commence 0 h. f August 5. 



• JCxeepfc where noted thus (a), where this represents the number of years. 
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II.—Table of Harmonic Constants at Old Indian Porta. 
Mouhnein. 

Commence 0 h., April 17. 
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Pi-of. G. H. Darwin. 

II.—Table of Harmonic Constants at Old Indian Ports. 
Moulmein. 


Commence 0 h. f April 17. 


Year.. 

1883-4. 

1884-6. 

1885-6, 

Mean of 


6 jtfttrs. 

»{?: 

0‘654 

0*020 

0-718 

0-671 

95 

92 

99 

99 

»{? : 

0*120 

0*082 

0-120 

0*093 

7V 

*45 

74 

86 

x/n - 

0*104 

0*183 

0*165 

0*163 

x l* - 

107 

1 53 

170 

*54 

„;n - 

0 173 

0*435 

0*331 

0-273 

*u - 

1X6 

1x8 

84 

98 

.i 11 - 

0-347 

0*320 

0*339 

0*324 


274 

260 

279 

271 

*{?: 

0*133 

79 

e • • • 

si •• 

0*204 

7* 

•°-146 ( 3) 

T JU“ 

0*161 

• • • • 

0*264 


T i« - 

174 « 

.... 

100 

-{?: 

0 ’685 


0-716 

0-708 

2*3 

215 

218 

2*3 

2SMj R " 

0 123 

0 165 

0*118 

0*128 

l* - 

39 

50 

40 

4* 

»{?: 

0*126 

0*203 

0*086 

0*136 

.3° 

36 

4 

*9 

MK{f ; 


0*162 

0*133 

0*164 

93 

.03 

87 

89 

2mk{ r : 

0*111 

70 



0*112 

62 

Mm {H; 

0*407 

*9 


0*369 

9 

0*367 

12 

■{?: 

0-877 

0-217 

0-871 

0*328 

49 

3* 

32 

39 

Msf{=: 

1*091 

1*060 

1-068 

1*089 

45 

42 

45 

45 

fc /H- 

2*619 

2*032 

2-128 

2*330 

B *l* - 

*5* 

*44 

*5* 

*49 

‘ Mf: 

0*653 

0*501 

0-780 

*0*016 


268 

288 

186 


* Except where noted thus (8), where this represent* the number of years. 
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Harmonic Analytic of Tidal Observations. 

II.—Table of Harmonic Constants at Old Indian Porta. 


Port Blair. 


Commence 0 h., April 19. 


Year. 

1883-4. 

1884-5. 

1885-6. 

1886-7. 

Mean of 


7 years. 

s /H - 

0*015 

0*051 

0*006 

0-024 

0*023 

M- - 

*5 

28 

i*5 

79 

6z 

*{?: 



0*933 

0*953 

0*961 

316 

3*o 

3** 

3*7 

3*7 

C 

0 004 

0*004 

0*004 

0*002 


108 

126 

68 

*57 

6 4 

*{?: 

0 003 


0*002 

0*003 


176 

167 

99 

118 

*36 


0*001 

0*000 

0 002 

0002 


221 

278 

1*4 

50 

>*» 

*{?: 

0*004 

0 028 

0*032 

0-017 


3U 

288 

315 

3** 

302 

Mf: 

2*013 

2-029 

1 -951 

1-986 

2*006 

*79 

282 


281 

280 

m./ h “ 

0 009 

0*005 

0*004 

0 007 



*5 

28 

41 

*4 

22 

M?: 

0 013 

o-oir 

0*010 

0 008 

0*011 

99 

112 

108 

76 

121 


0*007 

0*002 

0*008 

0*006 

0 004 

“'1* - 

166 

133 

*33 

190 

*39 

M /n . 

0*001 

0*001 

0*002 

0 002 

o-ooa 

M »\« - 

80 

«4 

56 

95 

7* 

’ o/ H - 

0*159 

0-155 

0*162 

0*152 

0 158 

u l» - 

30* 

300 

304 

302 

302 

1 1 

w « 

0*898 

0*417 

0*397 

0-397 

0-399 

3x8 

330 

33* 

328 

3*8 


0-277 

0179 

0*233 

0*234 

0*253 

3*5 

*79 

3** 

3*1 

308 

*{?: 

0-132 

0 176 

0*129 

0*131 

0-138 

3*4 

3*9 

3*7 

3*6 

3*5 

l i 

0*021 


0*032 

0-016 

0*026 

*97 

305 

34® 

330 

3** 

«{?: 

0*011 

0 022 

0*020 

0*014 

0*020 , 

*56 

*55 

*5® 

* l 4 

*41 

-JH- 

0*098 


0*087 


0-074 

h U - 

288 

3*7 

*9* 

46 9 

*«4 
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Prof. G, II. Darwin. 

II.—Table of Harmonio Constants at Old Indian Ports. 
Port Blair. 


Commence 0 h., April 10. 


Year. 

1883-4. 

1884-6. 

1886-6. 

1886-7. 

Mean of 

7 yearn.* 


»{?: 

0 882 
nx 

0-423 

*74 

0*391 

XII 

0-405 

*73 

0 400 
*74 

; 

0*044 
*41 

0 094 

282 

0*060 

240 

0 070 
>8> 

0 *066 ( a \ 

267 w 


0*036 

216 

0-087 

176 



0 050 
*47 (6) 

•if: 

0*020 

33* 

0-179 

198 

0 139 

281 

0*100 

*33 

0-115 

*7* 


0*074 

3*5 

0*121 

280 

0-071 

3** 

0*080 

285 

0*086 

296 

*{?: 

0*022 

261 

• * •> ■ 



0021 (2) 
*93 v ; 

►3 

* K 

1 B 

0*037 

355 


0*112 

291 


0 088(,} 
3*9 W 

U II 

£ * 

QQ 

S 

0-004 

183 

0007 

107 

0*006 

173 

0*003 

345 

0 007 

208 

2SM|® “ 

0*017 

140 

0*022 

330 

0*021 

182 

0*030 

146 

0 023 

180 

MN {?: 

0*037 

16 6 

0*106 

97 

0*024 

124 

0*078 

138 

0*063^ 

131 

«{?: 

0*026 

3*5 

0 026 

57 

0*026 

154 

0*021 

*35 

0021 (6) 
195 w 

2MK|” ” 

O'003 
«9 

0*004 

166 

0*006 

260 

0*005 

264 

0 006 

226 W 

*-{?: 

0 010 

35 

0 001 

119 

0*034 
, 34 1 

0*023 

10 

0*016 

3» 

»{?: 

0*053 

*3 

0*036 

3* 

0 048 

3i 

0 026 
*94 

0 048 

6 

**{?: 

0*014 

33 

0*018 

18 

0*036 

354 

0*027 

74 

0*020 

43 

**{?: 

0*218 

180 

0*166 

162 

0*266 

*47 

0*048 

,a 5 

0*186 

<5* 

■-{?: 

0*163 

177 

0*167 

176 

0*?01 

161 

0*105 

137 

0*188 

186 


* Except where noted thue (6), where this represents the number of yean. 
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III.—Table of Harmonic Constants at New Indian Ports. 
Bhavnagar. 


Commence at 0 h., January 1. 


Year • * • • 

1886. 

1887. 

Mean of 
2 years. 

Year. 

188R. 

1887. 

Mean of 

2 years. 

*{?: 

0*154 

180 

0*120 

186 

0*142 

*83 

*{“: 

2*280 

111 

2*621 

**3 

2*401 

112 

*>{?Z 

3-370 

i?S 

3 *414 

176 

3-305 

176 

Mr: 

0*271 

104 

0*130 

a? 

0*201 

66 


0-102 

*J7 

0126 

230 

0*114 

234 

>{?: 

0*278 

142 

• • • • 

0-278 

*4* 

C 

0*027 

308 

0 025 
*97 

0 020 
iOl 


0-640 

U5 

0*930 

108 

0-785 

in 

c 

0*00!) 

15 

0-007 

94 

0*008 

60 


0*353 

374 

0*260 

287 

0*307 

281 


0*0GG 

201 

0*126 

*57 

0*096 

179 

*{?: 

t • • • 

•• •• 

.... 

Mf: 

10*631* 

*35 

10-724 

'35 

10*629 

*35 

*{?: 

l t ■ ■ 

0-377 

*47 

0-277 

*47 

».{?: 

0-078 

3i7 

0*113 

3^8 

0 096 

3-*3 

»*{": 

0*638 

*95 

0*683 

*97 

0*661 

196 

«.{?: 

0*806 

*56 

0*916 

*53 

0*906 

*54 

2SM-f H = 
l* - 

0*014 

12 

0*057 

353 

0*060 

2 


0*228 

**9 

0*219 

Ia 5 

0*224 

122 

“•{?: 

0*210 

93 

0*425 

93 

0*318 

93 


0 015 
*79 

0*021 

130 

0*018 

*55 

MK {r: 

0*189 

80 

0*326 

106 

0 *258 

93 

•{?: 

1*011 

83 

0*989 

84 

1 000 
83 

2MK {, 1 , 1 : 

0*123 

350 

0*125 

350 

0*124 

350 

*■{?: 

2*257 

9* 

2*323 

9* 

2*290 

9* 

Mm f“: 

0*107 

6 

0*133 

39 

0*120 

*3 

£ 

V 1 

0*715 

169 

0*859 

*76 

0*787 

*73 

»{f: 

0*075 

39 

0*053 

44 

0*064 

4* 


0*655 

93 

0*680 

94 

0*668 

94 

Ms, {?: 

0*116 

28 

0*220 

4© 

0*168 

34 


0*119 

*79 

0*096 

*38 

0*107 

*5« 


0*266 

*121 

! 

0*376 

”5 

0*321 

118 

<»{?: 

0/178 

73 

0*207 

88 

0*193 

80 


0*083 

165 

0*271 

169 

0*177 

167 

*{?: 

0*689 

166 

0*735 

*5° 

0*668 

*58 









Prof. GK EL Darwin. 


III.—Table of Harmonic Constants at Now Indian Ports. 
Mormug&o, 

Commence 0 h., March 18. 
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III.—Table of Harmonic Constanta at New Indian Porta. 
UormugSo. 

Comment* 0 h., March 16 . 



• Jfcoept where noted time (1), where tide represents the number of jeers, 
k XLT. 9 ■ 























602 Pro£ Gk H. Darwin. 

III.—Table of Harmonic Constants at How Indian Porto. 
Cochin. 

Commence at 0 h., January 25. 
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Harmonic Anafyiis of Tidal Observation a, 

III.—Table of Harmonic Constanta at New Indian Ports. 

Chile. 

Commence P h. t April 1. 


























604 Prof. G. H. Darwin. 


III.—Table of Harmonic Constants at New Indian Porte. 
CMU. 


Commence 0 h., April 1 . 


Yea,. 

1884-6. 

1885-6. 

■99 

Mean of 

8 jeer*.* 



f H_ 

0058 

0*066 

0*054 

0*058 

rt 

u - 

47 

4* 

45 

45 

2N- 

f H “ 

o-oor 

0-020 

0*000 

,0-012 

u - 

X09 

66 

M9 

*4* 


E 

0*018 

0*012 

• % •• * 

0*018 m 

59 W 

A 

u - 

101 

18 



f H “ 

0*048 

0*088 

0*018 

0-088 

V* 

u - 

67 

16 

35* 

*5 


fH- 


0*025 

0-020 

0*026 

/*' 


104 

106 

IOO 

103 

B< 

[f: 


0-018 

35® 


0*018 m 

35® W 


tf: 

Bjfl 

0-041 

59 


0-0*1 (1) 

59 v ’ 

us- 

fH- 

1 

0*006 


0-007 

l* - 

313 

Hi 

** 8 

164 

2SM 

fH- 

1 

0-012 


0*006 

L* - 

a 4 

340 

3*0 

348 

Msr-j 

rn- 

0*026 

0*018 

0 024 

0*021 

[«- 

*65 

449 

189 

*94 

ME-j 

rH - 

0-006 

0*008 

0*005 

0*006 

L« - 

484 

48 

147 

466 

SME-j 

fH- 

0-002 

0*001 


0*008 

L* ~ 

*35 

96 

84 

104 

Mm j 

[H- 

0-067 

0*017 

0 017 

0*084 

L* - 

44 

337 

340 

353 

Mfj 

rn- 

0*020 

0*027 


0*088 

L* - 

14 

39 

339 

10 

HSf-j 

rH- 

0-018 

0*018 


0*019 

L* - 

3*4 

133 

468 

*4* 

H 

r H - 

0-877 

0*287 

0 846 

0*887 

L* - 

3*4 

330 

3t» 

3»9 


H - 

0-007 

0 086 

0*142 

0*109 


L* ~ 

\ 


104 

144 

116 


• ^Except where noted thus (2), where this represents the number of jeers. 
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III.—Table of Harmonic Constants at New Indian Ports. 


Colombo. 


Commence 0 h , February 1. 


Tear . *. 

-f— 

1894-5. 

1886-6. 

1886-7. 

Mean of 

3 yean. 

a jh - 

0 018 

0 030 

0 003 

0 017 

M- - 

6x 

60 

*43 

88 

-JH- 

0*302 

0*389 

0*404 

0-886 

- 

IOO 

101 

90 

97 

g JH - 


0-004 

0*004 

0-004 

M* - 

212 

*48 

226 

229 

a /H * 

0 008 

0*002 


0*002 

M* - 

*«9 

*«4 

*44 

182 

gJH- 

O'OOl 

o-ooi 

0*000 

0-001 

M* - 

*3* 

106 

108 

150 

H.JH - 

0 008 

0*013 

0 006 

0 009 

1 l* = 

ST 

19a 

289 

*79 

M ,;n - 

0*546 

0-563 

0*690 

0-B66 

M, l* - 

53 

54 

+« 

5* 

U JH - 

0*016 

0-01$ 

0*014 

0-015 

*•1* - 

169 

166 

161 

166 

U /H - 

0*015 

0*014 

0*017 

0 015 

M *U - 

180 

*74 

>«5 

*73 

H /K- 

0*002 

0 003 

0*005 

0*003 

M *t« - 

7« 

63 

34« 

4* 

« ;h - 


0*001 

0*000 

0*000 

M* - 

54 

228 

146 

>43 

o/H- 

0*003 

0*101 

0-091 

0*095 

°1« - 

64 

67 

59 

*4 

* JH - 

0-837 

0*231 

0*239 

0*236 


3* 

3« 

*9 

34 

»JH - 

0 072 

0*104 

0-186 

0*101 

M* » 

ioy 

62 

85 

9 l 

P /H - 

0*082 

0*062 


0*071 

P l« - 

34 

12 

30 

*5 

j/H - 

0 030 

0 006 

0*013 

0 016 


37 

60 

2 

33 

a/H - 

0-089 

0*027 

0 031 

0*029 


8l 

83 

82 

»4 

tJH- 

0-088 

0*018 


0*028 


£4 

4« 

«4 

55 
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III.—Table of Harmonic Constants at Hew Indian Ports. 
Colombo. 


Commence 0 h., F eVraery 



* Except when noted thus (1), where thii represents the number of yean. 























Harmonic Analyst* of 71dal Observations . 


IIL— 1 Table of Harmonic Constants at Hew Indian Ports. 

Cocanada. 

Commence 0 U., March 81. 



1886-7. 

1887-8 

Mean of 

2 years. 

0*086 

93 

0*087 

77 


0*044 

285 

0*628 

286 

0*636 

285 

0*008 

126 

0-007 

147 

0*005 

136 

EE21 

0*004 

0*004 

20j 

160 

18* 

0*003 

xtt 

0*003 

«3 

0*003 

l S* 

0*019 

34* 

0*028 

34* 

0*021 
• 34* 

ig;i 

1*546 

1*516 

*5* 

*5* 

*5* 

0*006 


0*008 

34* 

20 

3 

0-020 
; >09 

0*027 

106 

0 027 

X07 

0*014 

9« 

0*016 

IO! 

0*015 

99 

0*002 

66 

0*002 

*95 

0*002 

1 

0*188 

333 

0*187 

33* 

0*185 

333 

0*847 

0 852 


340 

338 

339 

0*175 

286 

0*169 

284 

0*172 

285 

0 099 
344 

0*089 

343 

0*094 

344 

0*018 

336 

0*086 

336 

0*082 

337 

0*017 

l!£OJ 

0*018 

3d 

21 

28 

0*076 

*7* 

0*082 

*35 

0*079 

*54 


Tear. 1880-7.1887-8. 


Mean of 
2 jean.* 


H - 0-808 0 826 0 *317 

* « *44 *4* 143 

H *» 0*043 0*060 0*052 

jc ** 242 230 236 

H * 0 *008 . 0 *008 

* - 83 . 83 1 

H - 0*071 0 *018 0 *045 
k - 191 303 *47 

H « 0*019 0 *032 0*026 
257 264 160 


0 *004 0 ‘064 . 


0*014 0*023 0*019 
*3* 145 

0*015 0-018 0-017 
215 181 198 

0*081 0*041 0*086 

120 135 128 

0*024 0*024 0 024 

296 16 336 

0*011 0*010 o«on 

326 316 322 

0*076 0*063 
198 290 244 

0 078 0 *095 0*087 
55 196 126 


0*858 0*671 0*762 
200 199 199 

0*403 0*622 0*468 
109 99 104 


Except where noted thus (1), where thu represent* the number of pern. 

2 ■ 3 





























Prof. G. H, Darwin 


III.—Table of Harmonic Constant* at New Indian Porte. 


Chittagong. Akydb. 

‘Conomenoe 0 h. t June 6. Com. 0 b. f ACay 9. 

















Harmonic Analytic of Tidal Observations* 


[.—Table of Harmonic Constants at New Indian Ports. 


Chittagong. 

Commence 0 h., June 6. 


Akyab. 

* Com. 0 h., May 0. 



* (Except where noted thw (1), where thia represent# the number of yeere, 
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Prof. G. H. Darwin, 


III.—Table of Harmonic Constants at Now Indian Porta. 


Elephant Point (New Bite). 


Commenced h., January 1 of each year except for 1887-8 (June It, 1887). 


Tear. 

1884. 

1885. 

1886. 

1887. 

1887-8. 

Mean of 

6 jean* 


H - 

0*140 

0*082 

0*082 

0-076 

0*101 

0*096 

*•1 

it «• 

9i 

ia6 

128 

11 + 

M2 

li 4 

a J 

H - 

2*884 

2-807 

2*365 

2*366 

2*395 

8*881 


c *■ 

140 

140 

1+0 

140 

140 

140 

g f 

H - 

0 092 

0*088 

0*078 

0*081 

0 081 

0*084 

S M 

K «* 

181 

>77 

>7+ 

176 

>73 

' 176 

s J 

H - 

0 013 

0*007 

0*010 

0*011 


0*010 

8.1 

K — 

»9+ 

264 

296 

*7* 

*58 

*77 

c 

H - 

0-009 

0*006 

0*002 

0*003 

0*001 

0*004 

8.1 

L« - 

307 

>8+ 

3+o 

3* 

63 

35i 


H - 

0*039 

0*009 

0-016 

0*039 

0*038 

0*028 

M,i 

L* - 

26 

>*5 

55 

«+ 

73 

69 


rH - 

5*870 

5*890 

6-897 

6*907 

6*941 

6-908 

Jttfj 

L* - 

104 

104 

IOJ 

103 

104 

103 

V 1 

rH- 

0*021 

0*026 

0*027 

0-040 

0*031 

0*029 


i* - 

*5 

337 

3*3 

305 

186 

3*5 


rH - 

0-270 

0*269 

0-276 

0-200 

0*280 

0*281 

“*1 

L« - 

79 

88 

9 1 

90 

9 l 

88 


rH - 

0*262 

0*241 

0*239 

0*242 

0*246 

0*244 

“•1 

L« - 

339 

338 

338 

33a 

33+ 

336 

If J 

fH- 

0*107 

0*101 

0*104 

0*104 

0*104 

0*104 


U - 

3H 

33+ 

335 

3*6 1 

323 

3*8 

A , 

rH - 

0*844 

0*823 

0*323 

0*813 

0*812 

0*828 

U < 

U - 

6 

8 

7 

5 

6 

6 

v J 

[H- 

0*728 

0*787 

0*761 

0*761 

0-760 

0*746 


L« - 

40 

>9 

>9 

18 1 

l8 

19 

r j 

rH - 

0*980 

0*710 

0*689 

0*710 

0*768 

0*762 


U - 

140 

>35 

136 

*44 j 

1+7 

137 

B , 

rH — 

0*162 

0*189 

0*196 

0*223 

0*196 

0*193 

Jr- 

u - 

18 

3* 

3< 

3* 

33 

30 

jJ 

[H - 

0*029 

0*064 

0*011 

BSE® 

0*028 

0*080 

•1 - 

L* ~ 

77 

103 

107 

61 

«9 

*7 

a/H - 

0*048 

0*024 

0*004 

0*080 

0*029 

0*026 


*3 

3*9 

479 

4 

39 

35* 

Ta4 

rs - 

0*440 

0*250 

0*412 

0*448 

0*428 

. 0*895 

"1 

l« - 

«7 

>3* 

>39 

146 

140 

**7 
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m.—Table of Harmonic Constants at How Indian Forts. 


Elephant Paint (New Site). * 

Commence 0 h., January 1 of each year except for 1887-8 (June 18,1887). 


Tear 


1884. 

1886. 

1886. 

1887. 

1887-8. 

Mean of 


6 years.* 

v. 

fH - 

0-861 

1*068 

1*146 

1-207 

1*188 

1*111 

n 

U - 

90 

86 

66 

88 

9* 

88 

a x 

f H “ 

0-881 

■ 

0*108 

0*106 

0*197 

0-178 

l« - 

87 

«5 

144 

3*7 

*4 

59 

x 

fH- 

0*188 

0-178 

• ■ • • t 


e * • • • 

0188 (2) 


l« - 

162 

l 44 



M*« * 


fH- 

0-182 

0*137 

0-846 

0*416 

0*313 

0-269 


i* “ 

68 

122 

**3 

95 

67 

95 


fH- 

0-846 

0-891 

0842 

0-829 

0*382 

0-868 


l* “ 

*73 

*93 

286 

302 

302 

292 * 

B 

fH- 


0-077 




°°77 (i) 
104 V 9 

l« - 

l 

104 

1 


1 

IT 

fH - 


0*818 


0*142 


0230 (2) 


t« - 

DB 

93 


.8j 

. | 

I 

rn- 

0*810 

0*296 

0-292 

0*277 

0-281 

0*291 

U - 

122 

128 

126 

i*9 

13* 

x*7 

2811 

(H- 

0*168 

0*112 

0*131 

0*184 

0*188 

0*186 

i« - 

4* 

35 

35 

39 

40 

38 

MX 

fH- 

0-285 

0*198 

0-126 

0*199 

0*196 

0*191 

l* - 

34 

45 

3‘ 

80 

136 

66 

MK 

fH - 

0*078 

0*055 

0*184 

0*161 

0*047 

0*092 

t« - 

66 

344 

3 

3* 

47 

*7 

8MK 

fH- 

0*069 

0*076 

0 069 

0*078 

0*032 

0*064 

l« - 

35* 

353 

354 

357 

350 

353 

Mm 

fH- 

0*120 

0*120 

0-075 

0*066 

0*107 

0*006 

1* - 

349 

7 

o 

347 

35* 

355 

Uf 

;h - 

0*100 

0*180 

0*148 

0*044 

0087 

0*108 

U - 

10 

*4 

*3 

108 

20 

35 

M8f 

;h - 


0*246 

0 199 

0 221 

0-170 

0*818 

i« - 


53 

17 

37 

30 

4* 

fiU 

/H - 

HiCTfH 

0*878 

0*918 

0*764 

0*846 

0-848 


u - 


*4< 

*5* 

*41 

«49 

140 

n— 

fH- 


0*107 

0 141 

0*160 

0*116 

0*189 


t« ” 

fSm 

**9 

111 

89 

**4 

150 


* Bxoept where noted thus (8), where thi* repraenU the number of yean. 
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14 The Structural Arrangement of the Mineral Matters in 
Sedimentary and Crystalline Pearfe.” By George Harley, 
M.D., F.R.S. Received March d,—Read March 28,1889. 

(Abstract.) 

The author began by giving a sketch of what has hitherto been 
written on pearl Structure, and pointed ont that since Rondelet* 
threw out the idea that pearls are merely diseased concretions 
occurring in the Molluscs in the same way as other morbid calculi 
occur in the Mammalia, and R^aUmurf said they are misplaced 
pieces of organised shell, in the same way as loose cartilages in hnman 
joints are misplaced portions of the cartilaginous structures sur¬ 
rounding them, the opinions of all subsequent writers have but 
oscillated between these two antagonistic theories. The two chief 
exponents of pearl structure in modern times—Meckel in 1856,$ and 
M&binsS in 1858—have ranged themselves on opposite sides; the 
former advocating the views of Rondelet, the latter espousing those of 
his opponent Reaumur; while Broun,|| a still more recent writer, has 
evidently a difficulty in deciding which of the theories is the correct 
one. For, while the whole tenour of his remarks leads one to believe 
that he favours the shell-formation theory of Reaumur, he speaks of 
pearls as being lime concretions (Kcdk-Konkretionen) , and pearl-like 
calculi (PerUiuartige Konkremertfen) , which he wonld be unlikely to 
do were he firmly convinced in the validity of Reaumur's theory. 

It is thus seen that it is still an unsettled question whether pearls 
belong to the animal or the mineral kingdom. And no one who has 
worked at the subject, and knows its intricacy, can be the least 
surprised at our very best authorities being still unable to decide as 
to which of the two antagonistic theories is the best. For, while 
there are undoubtedly many potent data in favonr of each view, 
there are, at the same time, not a few grave objections in the way of 
a ready acceptance of either, as the following facts prove:— 

1. As was demonstrated by the exhibition of specimens, many 
pearls (off-coloured ones) of the sedimentary variety so olosely 
resemble the carbonate of lime calculi met With in the Mammalia, and 
the Carbonate of lime pisolite concretions from the mineral waters of 
Oarlabad, as to be absolutely undistinguishable from them, either by 
the naked eye or with the aid of a microscope. 

* * Uxdvert. AqixatiL Hist.,' 1554 

t a M5m. d* 1'Aead. d. 1717. 

t * Mikrogeologie i Uober dis Concrementen im thierisohen Orgaalsmus,* Berlin, 
1856. 

S r DU Rotten Ferieni ein Beitrsg sur Luxus, Handels- and Hatwgesebiohte 
derselben/ Hamburg, 1868. 

I) 4 Weiohthtee/ Ldptig, IM, "P«rl«*Bildtog,” p. 488. 
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2. AIT these three kinds of concretions are formed in consecutive 
strata round * nucleus, and the strata are not only independent and 
separable from each other, but so loosely adherent that they can 
be shftlled off like the different layers of an onion, leaving the sub* 
jaoent layers so perfect that their enucleated portions constitute for 
themselves a perfect pearl, a perfect calculus, or a perfect pisolite 
concretion. 

3. By the specimens exhibited, it was shown that the outward 
appearance of a pearl is in no case a reliable criterion of its internal 
structure, a dull*white sedimentary pearl appearing exactly the same 
under the microscope as a beautifully brilliant iridescent one; while 
a black-coloured pearl may possess in its interior a snow-white pearl, 
another of the purest water may consist of nothing but a dirty 
greasy lump of river clay, being in reality merely thinly coated over 
with iridescent pearl substances. 

4. Thin sections of sedimentary pearls, when viewed with a high 
power in a good light, have all more or less a granular appearance, 
in general best marked along the lines of stratification. 

5. AH sedimentary pearls have nuclei round which the concentric 
strata, are regularly arranged, the nucleus being sometimes small, 
sometimes exceedingly large in proportion to the siso of the pearl. 
And, contrary to the opinion of De Filippi,* who asserts that the 
nyfeo* is invariably an Entozoon, it may consist of inorganic as 
iw f as of organio foreign material—a pellet of day, a particle of 
/ Ad, a fragment of bone or of iron, a piece of sea wood, or even an 

I Vtire animal. 

I I In the second division of his subject, the author demonstrated by 
specimens that just as a sedimentary pearl closely resombles the sedi¬ 
mentary concretions met with in the mineral as well as in the animal 
world, so in like manner the crystalline form of pearl has its exact 
counterpart not alone in organic cholesterin gall-stones and carbonate 
of lime calculi, but in mineral nodules of wavellite rock and balls of 
iron pyrites. 

As regards the nuclei of crystalline pearls, it was shown that in 
most instances they are identical with those met with in the sedi¬ 
mentary variety of pearls, though sometimes no nucleus whatever is 
to be met with even after prolonged search. Consequently, the author 
inclines to believe, that crystalline pearls in some instances begin (as 
in the case, of natural as well as artificially prepared calculi of 
the carbonate of lime, as Eaineyt showed), by the mere aggregation, 
and coalescence of mineral molecules. 

The author also called attention to Bronn's statement that pearls 
have often a 'Crystalline nucleus, adducing evidence in favour of the 

* If aUsr’i 1 Jirohir/ 1866, p. 400. 

t ' The Formation of Bom sad Shell Structures,' 186$, pp.U, 1S> and 36. 
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view that the so-called crystalline nucleus is in many emm but the 
centre, and therefore really an integral port of the pearl's crystal* 
line structure; while, again, in other instances, the appearance it due 
to the section having been carried a little on one side of the pearl's 
centre, and a consequent catting across of some of the hexagonal 
basaltic-like prisms, producing in the centre of the pearl a tesselated 
crystalline appearance. 

Bronn farther asserts that in the centre of pearls are occasionally 
found cells containing calcspar, which has arrived there by a process 
of infiltration from without. This appearance, the author thought, 
oonld be better explained on other grounds, and he exhibited the 
miorosoopio section of an oxalate of lime human urinary oalcnlns with 
a crystalline centre, surrounded by a sedimentary sone exactly as is 
seen in some pearls, but where no idea of infiltration could possibly be 
entertained. 

A good section of a crystalline pearl, while showing basaltic-like 
prisms radiating from the centre to the circumference, equally well 
shows that it, too, like the sedimentary variety, is formed in concentric 
layers of stratification. In this respect it not only bears a marked 
similarity to the carbonate of lime concretions formed artificially in 
gum-water, but an equal analogy to the sulphate of baryta stalactites 
found in the oaves of Derbyshire, where, of course, it is impossible to 
attribute the structural arrangement of their mineral matters to the 
influence of vital energy. 

Miorosoopio sections of crystalline pearls not alone conv e y the 
idea that the prisms branch and interlace with each other, but that 
they are in some instances of a fusiform shape, like the so-called 
fusiform cells Carpenter described in shell structures; but these 
appearances, as the author demonstrated, are simply due to the 
section having out the prisma across at different angles* Moreover, 
the prisms are striated, but this striatum, as well as the feathery 
frond-like appearance some of them present, does not, he thinks, 
exist in the mineral matter, but in the animal membrane which 
surrounds each individual prism, and which, as he previously 
showed, is an integral part of the pearl, amounting to 5*94 per cent, 
of its total weight* The featfaer-like appearance, he fancies, is 
merely due to a wrinkling of the dried animal matter. It was further 
pointed out that each individual prism is made up of a number of 
brick-like segments. Some with a high power appearing striated (6), 
others granular (a) with knob-like bodies at their corners, and tube* 
like lines near their layers of stratification. 

The discttfcsion of the arrangement of the animal matter is deferred 
until after the mineral structure of hybrid, so-called ooooa-nut, and 
fossil pearls hss been considered. 

e " Tbs Chemical Omporittai of ?escto»” 1 Bey. 80 * Bra*/ vol, 4S, J p. lit* 



OBITUARY NOTICES OF FELLOWS DECEASED. 

Dr. Parkinson was born in 1823 near Keighley, iu Yorkshire, and 
died in 1889 at his residence in Cambridge. 

His father diod when he was a boy, and left to the widow the diffi¬ 
cult task of bringing np a largo family on a very narrow income. 
Coming np to Cambridgo in October, 1841, he began his college life 
with an examination for a sizarship. One of his competitors, who 
sat just in front of him at this examination, still remembers with 
wonder how he finished his papers long before the others, and how he 
sat at his ease with his back against the wall for a long time. The 
success with which he thus began his college life was duo to his 
own energy and talent, for as a boy he had but limited opportunities 
for study, and the sarno energy carried bim on successfully through¬ 
out his life. 

As a lad without independent means, it was necessary for hitn to 
succeed, aud accordingly he prepared to do his best at the final 
University examination. He had most formidable competitors, and 
the contest therefore exoited considerable interest at the time. It 
was a very different thiug from his first skirmish for the sizarship, 
and it was only after a hard fight that the Johnian was declared to 
bo the Senior Wrangler. The Beene is described in a lively manner 
by a contemporary, an American who resided for five years in an 
English University. Such descriptions aro outside the object of the 
present memoir, but it helps us to understand the skill of the com¬ 
petitors to learn that the Senior Wrangler did more than two-thirds 
of the problems set in all the three problem papers. Such at least 
was the current report of the day. 

The Smith’s Prize examination was at that time so arranged that 
the element of speed did not enter into it to the same extent as into 
the Tripos. The subjects of examination were in general beyond the 
reach of ordinary undergraduates. Here the places were reveled, 
and Parkinson stood second in the list. The contest, however, was 
well sustained, for in one paper the two first competitors obtained 
respectively 63 aud 55 per cent, of the marks. 

As soon as ho had taken his degree he devoted himself to an acade¬ 
mical life. He had begun to tako pupils even before his degree, and 
now continued to do so with great success. Three of his pupils, vis., 
Besant, Sprague, and Finch, were the Senior Wranglers in the yeans 
1850,1853, and 1857; another pupil, the Right Hon. L. H. Courtney, 
M.P., now Chairman of Committees and Deputy Speaker, was seoond in 
1855. In 1864 he was appointed to be College Tutor. It was here he 
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found his real vocation in life, and worked at it nntil 1882. He looked 
after his pupils in a business-like way, with mingled firmness and 
kindness, and they reciprocated by giving him their confidence. 
Some of them have afterwards described how kindly ho had assisted 
them with means, and by his influence started them successfully on 
their journey through life. His remembrance of his pupils did not 
come to an end when they had passed from his care, but he and they 
remained ever mutual friends In this way he bec&mo well known 
outside the University, his name and influence attracting many 
students to his College. When ho married in 1871, he expected, as 
the custom then was, that he would lose both his fellowship and 
tutorship. But tbe College would not part with so valuable a 
tutor. The Master and Seniors requested him to continue in his 
office of tutor though roaiding in his own house. This was a compli¬ 
ment of which he was justly proud. He continued to act as tutor for 
eleven more years, and was then elected a second time to a fellowship 
in his College. Ho, however, did not retain the dividends of this 
office, but of his own free will gave them up to the College. Later on 
he gave £500 for the Church at Walworth, as this is the College mis¬ 
sion belonging to St. John's, not the only gift of his to this district. 

Dr. Parkinson took his B.D. degree in 1855, and became Doctor 
of Divinity in 1869. He acted as curate shortly after his degree in a 
neighbouring village, but the pressure of his other duties prevented 
him from taking much more active work. He was on the Commis¬ 
sion of the Peace for the borough for several years. He was elected 
a Member of the Cambridge Philosophical Society in 1845, a Member 
of the Royal Astronomical Society in 1853, and a Fellow of the 
Royal Society in 1870, Ho married Miss Whateley, of Edgbaston 
Hall, in 1871. 

Dr. Parkinson was not a writer of many books. His treatises on 
Elementary Mechanics and on Optics were published while engaged 
in tuition. They do not contain any novelties, but were written 
because experience had shown him that students had found difficulties 
in these subjects, which he thought ho could remove. Their com¬ 
mercial success is therefore a good test of their excellence, and of this 
there can be no doubt. They came into general nse in the University, 
and for several years they were very generally read. They each 
passed through several editions. They have, however, now been 
superseded by newer books with methods more adapted to the wants 
of the present day. 

Dr. Parkinson took a prominent part in University affairs. He 
was Examiner for the Mathematical Tripos in 1849,' and Moderator 
in 1852. He served as Senior Proctor in 1864. He was a Member 
of many syndicates appointed to consider weighty questions as they 
arose. For example, he served on the important syndicate which 
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in 1867 enlarged the scope of the Mathematical Tripos. For three 
successive periods of four years each, beginning in 1866, he was 
elected a Member of the Council of the Senate, his popularity in 
the University being shown by tho large majorities by which he 
headed the poll At each of his two re-elections. He was one of the 
first appointed Members of the General Hoard of Studios constituted 
by tho Statutes of 1882. He was also elected by the “ Colleges in 
common'* in 1882, and on the expiration of his period of service 
again in 1886 us one of their first representatives on the Financial 
Board of the University. Ho was a Member, and for the most part 
Chairman, of tho Board of Examination from its establishment in 
1873 till within a few months of his death, when failing health com¬ 
pelled him to resign this and other offices, the duties of which ho felt 
himself no longer able to discharge. 

In his public oapacity his wise and prudent counsels, his able 
administration and management, his thoroughness and directness of 
purpose, were universally recognised. In his private capacity a wide 
circle of friends will long remember his genial heartiness, his con¬ 
stant and kindly thoughtfulness. E. J. R. 
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